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Passing  over  various  subsequent  expeditions,  we  come  to  the  most  serious 
and  first  really  important  undertakings  for  magnetic  science  in  general,  viz,  those 
of  the  Erebus,  the  Terror,  and  the  Pagoda,  from  1840-45,  chiefly  in  the  southern 
oceans.  Here  we  have  the  first  elaborate  attempt  at  determinations  of  the  three 
magnetic  elements  at  sea,  the  Fox  dip-circle  for  measuring  the  magnetic  inclination 
and  intensity  at  sea  having  just  been  devised.  This  most  carefully  executed  work 
was  done  under  the  direction  of  Sabine,  the  famous  English  magnetician,  who  did 
so  much  for  the  advancement  of  magnetic  science.  Not  only  was  the  work  ably 
directed,  but  the  commanding  officers  of  the  vessels,  one  of  whom  was  Captain 
Ross,  the  discoverer  of  the  North  Magnetic  Pole,  were  most  zealous  and  painstaking. 
The  attempt  was  made  to  obtain  full  series  of  observations  daily,  and  these  were 
secured  at  times  under  great  physical  difficulties,  as,  for  instance,  in  the  Antarctic 
regions.  The  ships  were  repeatedly  "swung,"  and  every  attempt  was  made  to 
determine  accurately  the  deviation  constants. 

It  will  be  of  interest  to  point  out  in  this  connection  that  it  was  not  alone  the 
devising  of  an  instrument  for  measuring  the  magnetic  inclination  and  intensity  at  sea 
that  made  this  memorable  and  remarkable  work  possible,  but  also  the  elaboration  of 
the  mathematical  theory  of  the  deviations  arising  from  the  unavoidable  iron  on 
board  a  vessel,  published  by  Poisson  a  year  before  the  inception  of  the  survey  in  1839. 
Working  with  Poisson's  formuke,  Archibald  Smith,  at  Sabine's  request,  put  the 
determination  of  the  various  necessary  corrections  in  a  practical  form,  so  that  they 
could  be  successfully  applied. 

The  expedition  of  the  Austrian  frigate  Novara  secured  a  valuable  series  of 
declination  data  while  circumnavigating  the  globe  in  1857-60. 

Next  were  the  two  notable  expeditions  of  the  Challenger  in  1872-76  and  the 
Gazelle,  a  German  vessel,  in  1874-76.  Both  of  these  made  observations  of  the  three 
magnetic  elements  over  various  ocean  regions. 

Reference  should  also  be  made  to  the  important  work  done  by  the  naval  serv- 
ices of  various  coimtries,  which  can  not  be  described  here  in  detail,  and  to  the  obser- 
vations of  later  Antarctic  expeditions,  notably  those  of  the  Discovery  and  the  Gauss. 

The  work  of  various  vessels  of  the  Coast  and  Geodetic  Survey  also  deserves 
notice,  for  it  was  the  successful  inauguration  of  the  magnetic  work  on  these  ves- 
sels, in  1903,  which  gave  me  the  requisite  experience  for  undertaking  the  ocean 
magnetic  survey  of  the  Carnegie  Institution  of  Washington.  Since  1903,  these 
vessels  have  utilized  every  opportunity  in  passing  from  port  to  port,  while  engaged 
on  their  regular  surveying  duties,  to  determine  the  three  magnetic  elements.  Thus 
valuable  series  of  observations  have  been  obtained  along  the  Atlantic  and  Pacific 
coasts  and  in  the  Gulf  of  Mexico. 

L.  A.  Bauer. 


THE  MAGNETIC  WORK  OF  THE  GALILEE.  1905-1908. 

Bt  L.  a.  Bausb,  W.  J.  Petbbs,  and  J.  A.  Flbionq. 

GENERAL  REMARKS. 

The  Department  of  Terrestrial  Magnetism  of  the  Carnegie  Institution  of  Wash- 
ington was  authorized;  in  1005,  to  undertake  a  magnetic  survey  of  the  Pacific  Ocean, 
according  to  a  plan  submitted  to  the  Institution  on  October  3, 1004,  by  L.  A.  Bauer 
and  G.  W.  littlehales.' 

While  the  state  of  our  knowledge  of  the  distribution  of  the  Earth's  magnetic 
forces  over  ocean  areas,  owing  to  the  paucity  of  precise  data,  was  then  in  general 
exceedingly  unsatisfactory,  this  was  especially  true  for  the  Pacific  Ocean,  rapidly 
developing  in  commercial  importance.  Except  for  data  from  occasional  expeditions 
and  such  as  had  been  acquired  in  wooden  vessels  long  previously,  the  magnetic  charts 
used  by  the  navigator  over  the  Pacific  Ocean  depended  largely  upon  observations 
on  idands  and  along  the  coasts.  But  because  of  prevalent  local  distiurbances,  mag- 
netic observations  on  land  are  frequently  not  representative  of  the  true  values. 
It  was  therefore  impossible  to  make  any  statement  as  to  the  correctness  of  the 
charts  then  in  use. 

Professor  Arthur  Schuster,  in  a  letter  dated  January  26, 1002,  had  stated : 

"  I  believe  that  no  material  progress  of  terrestrial  magnetism  is  possible  until  the  mag- 
netic constants  of  the  great  ocean  basins,  especially  the  Pacific,  have  been  determined  more 
accurately  than  they  are  at  present.  Tliere  is  reason  to  believe  that  these  constants  may 
be  affect^  by  considerable  systematic  errors.  It  is  possible  that  these  errors  have  crept 
in  by  paying  too  much  attention  to  measurements  made  on  islands  and  along  the  sea  coast. 
What  is  wanted  are  more  numerous  and  more  accurate  observations  on  the  sea  itself." 

Captain  Ettrick  W.  Creak,  at  one  time  superintendent  of  the  compass  depart- 
ment of  the  British  Admiralty,  in  a  letter  dated  August  31, 1004,  said: 

"The  North  Pacific  Ocean  is,  with  the  exception  of  a  voyage  of  the  Challenger  (1872-76) 
nearly  a  blank  as  regards  magnetic  observations." 

Professor  Schuster's  surmise  as  to  the  possible  existence  of  '^considerable  sys- 
tematic errors"  in  the  magnetic  charts  for  the  great  ocean  basins  has  been  abundantly 
verified  by  our  ocean  magnetic  work  from  1005  to  the  present  date.  When  it  is 
recaUed  that  the  ocean  areas  embrace  nearly  three-fourths  of  the  entire  surface  of  the 
Earth,  it  is  easily  understood  that  lack  of  accurate  data  for  this  portion  of  the  globe 
has  greatly  retarded  the  settlement  of  important  problems  pertaining  to  the  Earth's 
magnetism.  Thus  the  demands  of  science,  as  well  as  those  of  commerce  and  navi- 
gation, called  for  a  systematic  magnetic  survey  of  the  oceans  under  the  most  favor- 
able conditions  and  required  that  the  work  be  done  under  the  auspices  of  some 

*BaiMr,  L.  A.,  and  G.  W.  LitUefaales.  Proposed  magnetio  survey  of  the  North  Pacific  Ocean,  Carnegie  Inst  of  Washing- 
too.  Year  Book  No.  3.  1904.  269-273  (Jan.  1905).  Washington.  Also,  somewhat  abridged,  in  Terr.  Mqq.,  vol.  9.  103-lM. 
1904.  Washington. 
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research  institution  of  world-wide  standing,  to  secure  adequate  recognition  for  the 
scientific  as  well  as  the  commercial  aspects  of  the  work. 

Accordingly,  it  was  considered  best  to  undertake  first  a  magnetic  survey  of  the 
North  Pacific  Ocean,  which  was  extended  later  to  the  South  Pacific.  In  view  of  the 
newness  of  ocean  magnetic  work  of  the  desired  accuracy,  it  was  decided  to  gain  some 
experience  first  in  a  chartered  vessel.  After  considerable  advertising,  conducted 
during  the  Director's  conference  trip  to  Europe,  by  Consulting  Hydrographer  G.  W. 
Littlehales,  the  brigantine  Galilee  was  selected  as  being  the  best  vessel  of  those 
available  for  the  proposed  work.  Subsequent  experience  showed  that  the  choice 
was  a  good  one.  Cruises  to  the  extent  of  63,834  nautical  miles  were  carried  out 
by  this  vessel  in  the  Pacific  Ocean  between  August  1905  and  May  1908. 

When  authority  was  given  to  include  all  the  oceans  in  the  general  magnetic 
survey,  it  was  found  best  to  construct  a  vessel  adapted  especially  to  the  needs  of 
magnetic  work.  Thus  in  1909  the  non-magnetic  vessel,  the  Camegie,  of  which  more 
will  be  said  later,  came  into  existence,  and  all  the  ocean  work  since  1909  has  been 
done  with  her. 

The  account  of  the  work  done  and  the  results  of  the  observations  made  are 
given  separately  for  the  Galilee  and  the  Carnegie. 

DESCRIPTION  OF  THE  GALILEE. 

The  brigantine  Galilee,  chartered  for  the  period  July  1905  to  May  1908,  was  a 
wooden  sailing  vessel  built  in  1891  at  Benicia,  California,  by  her  chief  owner.  Captain 
Matthew  Turner,  an  experienced  ship-builder.  She  was  originally  engaged  in  the 
passenger  business  between  San  Francisco  and  Tahiti,  until  crowded  out  by  a  line  of 
steamers,  since  when  she  had  been  engaged  in  freighting  between  CaUfomia  ports 
and  South  Pacific  islands.  She  was  known  as  one  of  the  fastest  sailing-vessels  of  her 
size  in  the  Pacific  Ocean,  her  best  record  being  308  miles  in  a  day  with  full  cargo.^ 

Her  length  over  all  is  132.4  feet,  beam,  33.4  feet,  and  depth  12.6  feet;  her  net 
tonnage  is  about  328  and  displacement  about  600.  To  fit  her  for  the  purposes 
of  the  magnetic  expedition,  the  principal  changes  required  were  the  substitution  of 
hemp  rigging^  for  the  steel  rigging,  and  the  removal,  as  far  as  practicable,  of  all  iron 
parts  in  the  vicinity  of  the  places  of  observation.  The  cabin  space  had  to  be  enlarged 
for  the  accommodation  of  the  scientific  personnel.  Furthermore,  a  special  observing 
bridge,  seen  between  the  masts  in  the  view  (Plate  1,  Fig.  3),  was  built,  running 
fore  and  aft,  and  about  12  feet  above  the  deck.  The  instruments  mounted  on  this 
bridge  were  then,  on  the  average,  about  15  to  16  feet  above  the  main  deck  and  25 
to  30  feet  from  the  remaining  masses  of  iron,  consisting  chiefly  of  the  iron  bolts  in 
the  sides  of  the  vessel.  After  the  first  cruise  the  observing  bridge  was  extended, 
the  galley  removed  to  forward  of  the  foremast,  and  some  additional  minor  changes 
were  made.  (See  Plate  2,  Fig.  1.)  For  further  information  regarding  dimensions 
and  alterations  of  vessel,  see  J.  F.  Pratt's  report  on  pages  128-134. 

^While  the  Camegte  was  at  San  Franoisoo  in  October  1916,  the  GalUee  was  berthed  alongside  the  same  pier.     She  has 
been  converted  mto  a  3-masted  schooner,  and  is  engaged  in  the  Alaskan  trade. 
This  was  obtained  by  special  contract  from  a  Philadelphia  firm. 
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While  it  was  not  possible  to  convert  the  GaliUe  completely  into  a  non-magnetic 
vessel;  as  would  have  been  desirable,  the  changes  resulted  in  reducing  the  deviation 
corrections,  due  to  the  disturbing  influence  of  the  remaining  iron,  to  such  an  extent 
that  the  ship's  so-called  '^magnetic  constants''  turned  out  to  be  smaller  for  this 
vessel,  on  the  average,  than  those  of  any  vessel  on  which  ocean  magnetic  observa- 
tions had  previously  been  made  (see  Table  36,  p.  91). 

However,  the  corrections  were  still  so  large  that  it  was  necessary  to  take  them 
into  account  if  the  scientific  requirements  of  the  problem  undertaken  were  to  be 
successfully  met.  These  corrections  had  to  be  determined  by  special  observations, 
made  while  '^  swinging"  ship  in  port  and  at  sea  as  often  as  circumstances  permitted. 
This  necessarily  caused  more  or  less  delay  in  both  the  field  and  office  work.  Unfor- 
tunately, experience  had  also  repeatedly  shown  that  these  corrections,  as  based  on 
a  mathematical  analysis  of  the  deviations,  were  troublesome  to  control  adequately. 
As  the  corrections  arise  chiefly  from  magnetic  induction  in  the  soft-iron  parts  of  the 
vessel,  they  are  subject  to  various  accidental  conditions,  such  as  the  length  of  time 
the  vessel  follows  any  one  course,  or  the  amoimt  of  buffeting  the  vessel  has  been 
exposed  to  from  the  waves,  etc. 

The  preceding  paragraph  shows  why  it  was  found  more  economical  in  every  way 
to  construct  an  entirely  non-magnetic  vessel  specially  built  for  the  purpose  when 
the  requisite  funds  became  available.  It  seemed  unfortunate  to  introduce,  in  the 
very  regions  where  the  disturbances  due  to  local  magnetic  masses  are  a  minimum, 
an  extraneous  source  of  disturbance  by  not  having  an  entirely  non-magnetic  vessel. 
However,  conditions  in  1905  did  not  permit  our  waiting  for  such  a  vessel.  The 
attempt  was  accordingly  made  to  seciure  magnetic  data  as  accurately  as  was 
then  possible  and  to  solve  the  problem  given  to  the  Committee  on  Terrestrial  Mag- 
netism of  the  International  Association  of  Academies  in  1904  upon  the  proposal  of 
the  late  Professor  von  Bezold,  viz,  'Hhe  determination  of  the  best  methods  of 
mAlring  accurate  magnetic  observations  at  sea." 

Further  interesting  information  regarding  the  Galilee  and  organization  of  the 
work  will  be  obtained  from  the  charter-party  (see  page  8),  which  was  drawn  up 
with  the  counsel  of  Judge  William  W.  Morrow  of  San  Francisco,  a  trustee  of  the 
Carnegie  Institution  of  Washington.  It  should  be  recorded  here  that  the  firm  of 
Matthew  Turner  Company  carried  out  the  terms  of  the  contract  in  a  most  faithful 
and  agreeable  manner,  ever  evincing  interest  in  the  successful  issue  of  the  expedi- 
tions, and  always  being  alert  and  ready  to  keep  the  vessel  in  good  repair.  This  was 
the  first  of  many  pleasant  experiences  had  throughout  the  ocean  work  thus  far  with 
mercantile  firms  with  whom  it  has  been  necessary,  for  one  purpose  or  another, 
to  have  business  relations.  Hearty  cooperation  and  general  interest  have  been 
well-nish  universal. 
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CHARTER-PARTY  OF  THE  GALILEE. 

This  Chartbr-Pabtt,  made  and  concluded  upon  in  the  City  of  San  Francisco,  Califor- 
nia, this  twentieth  day  of  July,  nineteen  hundred  and  five,  between  Matthew  Turner, 
managing  owner  of  the  brigantine  Galilee  of  San  Francisco,  of  the  net  tonnage  of  328  tons, 
or  thereabouts,  register  measurement,  of  the  first  part,  who  has  the  right  to  enter  into  this 
contract,  in  behalf  of  the  owners,  and  the  Department  of  International  Research  in  Ter- 
restrial Magnetism  of  the  Carnegie  Institution  of  Washington,  of  the  second  part, 

Witnesseth:  That  for  and  in  consideration  of  the  payments  hereinafter  mentioned,  to 
be  made  by  the  said  party  of  the  second  part,  the  said  party  of  the  first  part  for  himself, 
his  heirs,  executors,  and  administrators,  doth  covenant  and  agree  on  the  freighting  and  char- 
tering of  the  whole  of  said  vessel  fully  manned  with  requisite  crew  and  master  and  fully 
equipi)ed  and  furnished,  to  be  under  the  control  and  direction  and  for  the  occupation  and 
the  use  of  the  said  party  of  the  second  part  or  his  representatives  for  the  purposes  of  a  scien- 
tific voyage  in  the  Pacific  Ocean,  upon  the  following  terms,  and,  with  the  option  of  renewal 
of  this  charter-party  for  additional  voyages  of  the  same  nature  upon  the  same  terms : 

The  said  vessel  shall  be  tight,  staunch,  sound,  strong,  seaworthy,  and  in  every  way 
fitted  for  such  a  voyage  and  properly  ballasted,  with  non-magnetic  material,  subject  to  the 
inspection  of  the  party  of  the  second  part  or  bis  authorized  agent. 

The  said  vessel  shall  be  kept  thoroughly  repaired,  outfitted  and  seaworthy  throughout 
the  period  of  this  charter  by  the  said  party  of  the  first  part. 

The  said  crew,  exclusive  of  master,  shall  consist  of  two  mates,  six  seamen,  one  ship's 
cook,  and  one  cabin  cook,  all  of  whom  shall  be  in  all  respects  qualified  for  the  full  perform- 
ance of  the  duties  of  their  usual  station  on  board  said  vessel.  Their  selection  and  the 
appointment  of  the  said  master  shall  be  subject  to  the  approval  of  the  party  of  the  second 
part  or  his  authorized  agent. 

The  said  vessel  shall  be  subject  to  be  rerigged  with  hemp  at  the  cost  of  the  said  party 
of  the  second  part,  and  to  have  introduced  such  mounts  for  observing  instruments  and  such 
changes  in  the  cabin  and  elsewhere  at  the  expense  of  the  said  party  of  the  second  part,  as 
may  be  required  for  her  better  adaptation  to  the  needs  of  the  Expedition,  provided  that  her 
trim  and  seaworthiness  shall  not  thereby  be  altered. 

In  respect  to  the  changes  above  provided  for  to  adapt  the  vessel  to  the  needs  of  the 
Expedition  the  said  vessel  shall  be  restored  at  the  option  of  the  said  party  of  the  first  part, 
to  her  original  condition,  at  the  expense  of  the  said  party  of  the  second  part,  on  the  dissolu- 
tion of  this  charter-party,  or  on  the  dissolution  of  its  subsequent  renewals  as  may  mark  the 
close  of  her  employment  for  the  purposes  of  the  said  Scientific  Expedition. 

The  said  vessel  shall  receive  on  board  for  the  aforesaid  voyage  the  scientific  instruments 
and  whatever  may  be  required  for  the  purposes  of  the  Expedition  and  the  observers  who 
together  with  the  master  and  crew,  shall  be  subject  to  the  direction  of  the  duly  appointed 
Commander  of  the  Ebcpedition;  and  no  goods  or  merchandise  shall  be  laden  on  board  said 
vessel  otherwise  than  from  said  party  of  the  second  part  or  his  agent,  excepting  the  belong- 
ings and  victualing  which  are  required  to  be  furnished  by  said  party  of  the  first  part  for  the 
maintenance  of  the  master  and  crew  who  belong  with  the  vessel.  It  is  imderstood  that  the 
subsistence  of  the  cabin  cook  shall  be  provided  by  party  of  second  part. 

The  said  party  of  the  second  part  agrees  to  pay  to  the  said  party  of  (he  first  part  for  the  use  of 
the  said  vessel  and  her  equipment^  master  and  crew,  in  accordance  with  the  stipulations  above 
set  forth,  during  the  voyage  aforesaid,  in  fuU  fourteen  hundred  {llfiO)  dollars  per  calendar 
month,  or  eight  himdred  (800)  dollars  per  calendar  month  for  the  bare  ship,  i.  e.,  without 
master  and  crew,  and  in  either  case  pro  rata  for  any  portion  of  a  month's  hire,  payable 
monthly  at  the  termination  of  each  month;  and  also  to  pay  all  the  vessel's  port  charges, 
towages,  pilotages,  wharfages,  and  consul  and  health  fees. 
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It  is  understood  that  the  payments  under  this  charter-party  at  the  rate  above  stipu- 
lated, shall  commence  on  the  twentieth  day  of  July,  nineteen  hundred  and  five,  and  that  an 
allowance  for  lay  days  will  be  paid  by  the  charterers  to  the  managing  owner  at  the  rate  of 
fifteen  (15)  dollars  a  day,  beginning  with  June  fifth,  nineteen  hundred  and  five. 

To  the  true  performance  of  all  and  every  of  the  foregoing  covenants  and  agreements, 
the  said  parties  each  to  the  other  do  hereby  bind  themselves,  their  heirs,  executors,  adminis- 
trators and  assigns,  each  to  the  other,  in  the  penal  sum  of  amount  of  charter  for  six  months. 

In  witness  whereof  the  said  parties  have  hereunto  interchangeably  set  their  hands  and 
seals  the  day  and  year  first  above  written. 

Signed,  sealed  and  delivered  in  the  presence  of: 

Witnesses:  (Signed)    Matthew  Turner,     [seal] 

(Signed)    Neuk)n  Andrews.  (Signed)    L.  A.  Baxter,  [seal] 

(Signed)    J.  F.  Pratt.  Director,  Department  of  Terrestrial  Magnetism, 

of  the  Carnegie  Institution  of  Washington. 

According  to  the  above  charter-party,  the  owners  supplied  the  sailing-master 
(who  was  Captain  J.  T.  Hayes  for  the  entire  period  1905-1908),  2  mates,  6  seamen, 
and  2  cooks,  or  11  men  in  all,  and  their  subsistence,  with  the  exception  of  that  of 
the  cabin  cook.  The  Department  bore  all  cost  of  alterations  required  to  fit  the 
vessel  for  her  work,  and  furnished  subsistence  for  the  scientific  personnel,  consisting 
of  the  conmiander  of  the  vessel,  1  surgeon,  and  2  or  3  observers,  together  with  the 
cabin  cook.  At  times  it  was  found  that  the  vessel  was  undermanned  to  meet  suc- 
cessfully the  many  and  varied  requirements  of  an  ocean  scientific  expedition.  This 
matter  could  not  well  be  remedied,  however,  until  the  Department  had  a  vessel  of 
its  own. 

The  non-magnetic  ballast  referred  to  in  the  charter-party  consisted  of  stone, 
obtained  at  San  Francisco,  which,  upon  careful  test,  was  found  to  be  non-magnetic. 

The  Galilee  proved  herself  a  splendid  sea  boat,  and,  as  already  said,  one  of  the 
fastest  sailers  of  her  size  in  the  Pacific  Ocean.  Previous  to  entering  our  service, 
she  had  made  as  much  as  308  miles  in  a  day  with  full  cargo.  (See  Plate  1,  Fig.  2.) 
For  our  purpose,  however,  a  day's  run  of  100  to  150  miles  amply  sufliced,  representing 
approximately  the  distances  apart  of  the  magnetic  stations. 

By  special  courtesy  of  the  Secretary  of  Conmierce  and  Labor,  the  Galilee  was 
classed  as  a  ''yacht"  in  order  to  facilitate  her  passages  from  port  to  port.  This 
classification  began  at  Honolulu,  September  1905.  Universal  courtesy  was  shown 
her  by  port  oflScials  and  customs  ofiKcers,  everything  possible  being  done  at  the 
ports  visited  to  facilitate  her  work. 

Throughout  the  three  years'  operations,  during  which  cruises  were  carried 
out  all  over  the  Pacific,  but  one  accident  befell  the  Galilee.  This  occurred  at  Yoko- 
hama in  August  1906.  A  typhoon  suddenly  springing  up,  the  vessel  dragged  her 
anchors  and  she  was  blown  against  the  breakwater  and  sunk  in  about  14  feet  of 
water.  However,  in  12  days  she  was  ready  to  resume  her  voyage  to  San  Diego, 
without  serious  damage  to  ship  or  to  instruments. 
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SYNOPSES  OF  THE  GALILEE'S  CRUISES,  1905-1908. 

CRUISE  I.  AUGUST  TO  DECEMBER  1905. 

t 

After  the  various  neceesary  alterations  (see  page  130)  were  completed,  and  an  inspection 
was  made  by  the  President  of  the  Carnegie  Institution  of  Washington,  the  Galilee  was  ready 
to  enter  upon  her  duties  in  August  1905.  Magnetic  observations  were  made  under  the 
Director's  instructions  and  supervision,  at  various  places  on  the  shores  around  San  Fran- 
cisco Bay,  from  the  results  of  which  the  most  suitable  place  for  swinging  ship  was  determined. 
The  Galilee  was  then  swung,  with  the  aid  of  a  tug,  on  August  2, 3,  and  4,  in  San  Francisco 
Bay,  between  Goat  Island  and  Berkeley,  and  the  various  ship's  deviation  coefficients  were 
thus  ascertained.      (See  Plate  1,  Fig.  1.) 

On  August  5, 1905,  the  Galilee  started  from  San  Francisco  on  her  first  cruise,  securing 
magnetic  observations  daily  to  a  greater  or  less  extent,  according  to  conditions  of  the 
weather  and  sea,  swinging  twice  under  sail,  and  arriving  at  San  Diego,  August  12.  This 
first  short  passage  of  the  cruise  was  an  experimental  trip,  various  instruments  and  methods 
being  subjected  to  trials  under  the  supervision  of  the  Director,  who  accompanied  the 
expedition  as  far  as  San  Diego  for  this  purpose;  during  this  trip  he  also  completed  the 
training  of  the  observers,  and  tested  imder  sea  conditions  the  deflecting  apparatus  devised 
for  measuring  the  horizontal  intensity  of  the  Earth's  magnetic  field. 

After  some  further  alterations  had  been  made  at  San  Diego  and  the  deviation  coeffi- 
cients had  been  redetermined,  the  Galilee  again  set  sail  on  September  1,  this  time  for  the 
Hawaiian  Islands,  and  arrived  at  Honolulu  on  September  16.  The  shore  observations 
and  the  instrumental  comparisons  at  the  Honolulu  Magnetic  Observatory  having  been 
completed,  she  left  Honolulu  September  28;  after  the  vessel  had  been  swung  at  a  point 
abreast  the  Honolulu  Magnetic  Observatory,  sail  was  set  for  Fanning  Island,  where  the 
Galilee  arrived  on  October  10.  When  the  necessary  harbor  swings  and  shore  observations 
at  Fanning  were  completed,  a  course  was  taken  south,  on  October  14,  to  about  1?6  south 
latitude  in  longitude  197?3  east,  which  point  was  reached  on  October  17;  next  a  northwest- 
ward course  was  followed  to  about  meridian  190?5  east,  thence  to  Honolulu,  where  the 
expedition  arrived  on  November  7.  After  completion  of  her  observations,  the  Galilee  left 
Honolulu  November  12,  following  a  northwesterly  course  to  about  28?2  north  latitude  and 
longitude  196?5  east,  from  which  point  she  proceeded  to  a  point  somewhat  north  of  lati- 
tude 41  ?2  in  longitude  209?7  east,  and  thence  she  followed  a  direct  course  to  San  Diego. 
The  first  cruise  was  thus  completed  at  San  Diego  on  December  9, 1905,  a  distance  of  10,571 
nautical  miles  having  been  covered.  The  necessary  swings  and  closing  shore  observations 
were  made  at  San  Diego  between  December  11  and  18. 

The  conmiander  of  the  vessel  on  this  cruise  was  J.  F.  Pratt,  an  experienced  officer  of 
the  United  States  Coast  and  Geodetic  Survey.  By  the  courtesy  of  the  Secretary  of  Com- 
merce and  the  Superintendent  of  the  Coast  and  Geodetic  Survey,  he  was  granted  the  neces- 
sary furlough,  and  entered  the  temporary  employ  of  the  Department  of  Terrestrial  Mag- 
tism  for  the  purpose  of  assisting  the  Director  in  the  inauguration  of  the  magnetic  survey  of 
the  ocean  areas,  and  to  prepare  the  vessel  for  the  purposes  of  the  expedition.  The  other 
members  of  the  vessel's  scientific  personnel  were:  Dr.  J.  Hobart  Egbert,*  magnetic  observer 
and  surgeon;  J.  P.  Ault,  magnetic  observer;  and  P.  C.  Whitney,*  magnetic  observer  and 
watch  officer.  The  sailing-master  was  Capt.  J.  T.  Hayes.  For  a  fuller  account  of  the  cruise 
see  J.  F.  Pratt's  report  (pp.  128-134)  and  abstract  of  log  (pp.  141-143). 

^Member  of  the  United  States  Coast  aad  Geodetic  Survey,  oourteoualy  granted  the  required  furlough  to  enter  the 
temporary  employ  of  the  Department  of  Terrestrial  Magnetism. 
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CRUISE  II,  MARCH  TO  OCTOBER  1906. 

To  settle  the  various  matters  pertaining  to  the  continuation  of  the  work  and  the  pro- 
posed additional  alterations  in  the  ship  and  in  the  instruments,  which  were  shown  desirable 
by  the  experience  of  the  first  cruise,  the  Director  made  an  inspection  trip  to  the  Galilee  at 
San  Diego,  December  15-18,  1905.  As  all  the  members  of  the  scientific  personnel  of  the 
first  cruise,  excepting  Observer  J.  P.  Ault,  were  obliged  to  return  to  their  duties  with  the 
United  States  Coast  and  Geodetic  Survey  at  the  expiration  of  their  furloughs,  it  was  neces- 
sary to  reorganize  the  staff.  W.  J.  Peters,  who  had  been  in  charge  of  scientific  exploring 
parties  of  the  United  States  Geological  Survey  in  Alaska,  and  had  been  second  in  command 
and  in  charge  of  the  scientific  work  of  the  second  Ziegler  Polar  Expedition  (1903-1905),  was 
intrusted  with  the  command  of  the  GdlUee  for  the  balance  of  her  work  (190&-1908).  To 
him  were  assigned  as  assistants  on  the  second  cruise.  Observers  J.  P.  Ault  and  J.  C.  Pearson 
(formerly  instructor  in  physics  at  Bowdoin  College),  and  Dr.  H.  E.  Martjm,  surgeon  and 
recorder.  Alterations  in  the  vessel,  decided  on  by  the  Director,  were  made  chiefly  under 
the  direction  of  J.  F.  Pratt,  in  command  of  first  cruise,  who  also  rendered  the  new  commander 
the  requisite  assistance  in  the  preparations  for  the  second  cruise.    (See  Plate  1,  Fig.  3.) 

The  alterations,  harbor  swings,  and  shore  observations  having  been  completed,  the 
Galilee  left  San  Diego  on  March  2,  1906,  and  took  a  direct  course  for  Fanning  Island.  A 
stay  of  10  days  from  March  31  to  April  10  was  made  at  this  port,  during  which  time  all 
necessary  shore  and  swing  observations  were  made  at  the  stations  occupied  on  the  first 
cruise.  The  next  stop  was  made  at  Pago  Pago,  Samoan  Islands,  from  April  26  to  May  1. 
On  account  of  great  local  attraction,  and  from  lack  of  tug  facilities,  no  harbor  swings  or 
shore  observations  were  made  at  this  point.  At  Apia,  Samoan  Islands,  May  3  to  9, 
comparisons  were  made  between  the  Galilee  instruments  and  those  of  the  German  Geophys- 
ical Observatory,  then  in  charge  of  Dr.  Franz  Linke,  to  whose  kindness  and  cooperation 
appreciative  reference  is  made.  The  Apia  Geophysical  Observatory  was  originally  estab- 
lished under  the  auspices  of  the  Gottingen  ''Kdnigliche  Akademie  der  Wissenschaften"  for 
the  purpose  of  participating  in  the  scientific  program  of  the  British  and  German  Antarctic 
Expeditions  of  1902-03.  Later  it  was  continued,  at  the  solicitation  of  the  Carnegie  Insti- 
tution of  Washington,  in  order  to  furnish  magnetic  data  desired  in  connection  with  the  mag- 
netic survey  of  the  Pacific  Ocean.  Harbor  swings  were  not  made  at  Apia,  owing  to  the  lack 
of  sufficient  tug  facilities  and  to  the  strong  harbor  currents. 

At  the  next  port,  Suva,  Fiji  Islands,  comparisons  were  made  between  the  instruments 
of  the  ship  and  those  used  by  G.  Heimbrod,  then  in  the  employ  of  the  Department  as  a 
temporary  magnetic  observer  for  the  work  on  the  islands  of  the  South  Pacific.  Harbor 
swing9  were  also  made  at  Suva  on  May  18  and  20.  Jaluit,  of  the  Marshall  Islands,  was 
reached  on  June  21  and  shore  and  harbor  observations  were  made,  inclusive  of  a  vessel 
swing,  after  which  a  course  was  made  for  Guam  on  June  30.  Between  July  1 1  and  24,  harbor 
swings  and  shore  observations  were  made  at  San  Luis  d' Apra,  Guam.  Thence  sail  was  set 
for  Yokohama,  Japan,  where  the  expedition  arrived  on  August  13. 

At  Yokohama  numerous  shore  observations  as  well  as  harbor  swings  were  made  and, 
through  the  courtesy  of  Dr.  K.  Nakamura,  in  charge  of  the  Central  Meteorological  Observa- 
tory of  Tokio,  and  of  Dr.  A.  Tanakadate,  of  the  University  of  Tokio,  comparisons  with  the 
observatory  standards  of  Japan  were  secured.  To  both  of  these  gentlemen,  and  to  their 
assistants,  grateful  acknowledgment  should  be  made. 

On  August  24  the  Galilee  dragged  her  anchors  in  a  typhoon  and  was  blown  on  the  break- 
water at  Yokohama,  and  sank  in  14  feet  of  water;  as  soon  as  possible  she  was  dry-docked 
and  the  necessary  repairs  were  made.  Fortunately  the  damage  was  not  very  serious,  and 
she  was  enabled  to  take  up  her  work  again  on  September  6,  on  which  date  the  expedition 
left  Yokohama  for  San  Diego.  Arriving  at  San  Diego  on  October  19,  she  had  thus  ter- 
minated her  second  cruise  in  the  Pacific  Ocean  and  had  covered  on  this  cruise  approximately 
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16,286  nautical  miles.  The  closing  shore  observations  were  next  made  and  the  vessel  was 
swung  on  October  22,  1006.  Throughout  the  cruise  magnetic  observations  were  made  as 
frequently  as  the  weather  and  sea  conditions  permitted.  For  further  information  see 
abstract  of  log  (pp.  143-146). 

CRUISE  III.  DECEMBER  1906  TO  MAY  1908. 

Between  November  1  and  December  22,  1006,  various  shore  observations,  harbor 
swings,  and  investigations  were  made  at  San  Diego  and  the  vessel  was  overhauled  and  out- 
fitted preparatory  to  her  third  cruise.  During  November  16-22,  Mr.  Peters  conferred  with 
the  Director  at  Washington,  and  received  final  instructions  for  the  forthcoming  cruise. 
December  22  the  Oaliiee  set  sail  from  San  Diego  and  entered  upon  '^ Cruise  III,"  the 
scientific  party  consisting  of  the  following  persons:  W.  J.  Peters,  in  conmiand;  Observers 
J.  C.  Pearson  and  D.  C.  Sowers;  and  Dr.  G.  Peterson,  surgeon  and  recorder.  Captain  J.  T. 
Hayes,  as  heretofore,  was  sailing-master.  Mr.  Pearson  was  relieved  by  Observer  P.  H.  Dike 
at  Sitka,  Alaska,  July  31,  1907.     (See  Plate  2,  Figs.  1  and  2.) 

The  port  of  Nukahiva,  Marquesas  Islands,  was  reached  on  January  18,  1907.  No 
harbor  swing  of  the  vessel  being  possible  here,  the  GalUeef  upon  completion  of  the  shore 
work,  proceeded  on  January  24  to  Tahiti,  arriving  there  January  31.  During  a  stay  of 
19  days  at  this  port,  harbor  swings  and  land  observations  were  carried  out  in  detail.  The 
next  stop  was  made  at  Apia,  Samoan  Islands,  where,  between  March  3  and  14,  various 
standardizations  and  comparisons  of  instruments  were  made  at  the  Apia  Geophjrsical 
Observatory.  This  was  the  second  time  that  these  highly  essential  observations  and  checks 
on  the  instrumental  constants  of  the  ship  had  been  obtained  at  this  important  observatory. 
The  observer-in-charge,  Dr.  G.  Angenheister,  as  well  as  the  retiring  observer-in-charge. 
Dr.  F.  linke,  rendered  the  Galilee  all  necessary  assistance,  hereby  gratefully  acknowledged. 
Harbor  swings  of  the  Galilee^  however,  could  not  be  attempted  at  this  port. 

Leaving  Apia  March  14,  Yap  Island  was  made  on  April  14.  Here  various  observations 
consumed  9  days.  Sailing  from  Yap  Island  April  23,  Shanghai  was  reached  on  May  8, 
where  the  principal  stop  was  made.  Comparisons  of  the  Galilee  instruments  were  made 
with  the  standard  instruments  of  the  Zikawei  Observatory,  Father  J.  de  Moidrey,  S.  J., 
in  charge  of  the  magnetic  work,  furnishing  every  facility  possible,  for  which  our  hearty 
thanks  are  due.  Swings  of  vessel,  on  account  of  high  tides  and  absence  of  motive  power  on 
the  Galilee,  could  not  be  made  here  in  port,  but  had  to  be  undertaken  directly  af  t^  leaving 
Shanghai  on  May  31,  in  the  mouth  of  the  Yangtse  River,  where  they  were  secured  with 
great  difficulty  and  delaying  the  vessel  until  June  4. 

From  Shanghai  Mr.  Peters  was  directed  to  proceed  due  east  towards  Midway,  putting 
in  there,  if  conditions  did  not  make  the  entry  to  the  harbor  hazardous  with  a  sailing 
vessel,  and  from  thence  to  make  Sitka,  in  order  to  cover  this  passage  diuing  as  favorable 
a  part  of  the  year  as  possible.  Tempestuous  weather,  however,  was  encoimtered  on  almost 
the  entire  trip,  blowing  the  vessel  out  of  her  set  course,  preventing  swings,  and  rendering 
impossible  magnetic-declination  observations  because  of  absence  of  sun  or  stars,  so  that  the 
course  and  program  of  work  outlined  could  be  followed  only  approximately.  For  about 
750  nautical  miles  from  Shanghai  the  course  was  practically  the  same  as  that  of  the 
Challenger,  and  no  landing  on  Midway  Island  could  be  safely  attempted.  After  following 
an  easterly  course  in  general  to  longitude  181  ?5  east,  latitude  37°  north,  course  was  laid 
directly  for  Sitka,  the  Galilee  entering  this  harbor  July  14,  1907,  and  being  swung  on  Julj 
16  to  19.  In  spite  of  the  bad  weather,  the  trip  from  Shanghai  of  5,507  nautical  miles  was 
made  in  41  days,  averaging  about  134  nautical  miles  per  day. 

The  Director  met  the  Galilee  at  Sitka  on  July  28,  inspected  the  work  and  instrumenta 
outfits,  and  discussed  with  the  commander  the  future  work.  Two  new  instruments  wen 
introduced  in  the  work,  viz,  the  newly  received  and  improved  sea  dip-circle  189,  and  i 
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almost  a  direct  one  to  about  31^  north  latitude  in  137?5  west  longitude,  from  which  point 
course  was  set  for  the  Golden  Gate.  San  Francisco  was  reached  on  May  21,  1908,  thus 
concluding  Cruise  III,  begun  at  San  Diego  on  December  22, 1906,  and  having  a  total  length 
of  about  36,977  nautical  miles. 

On  Cruise  III,  12  harbors  were  visited,  at  all  of  which  extensive  shore  observations 
and  intercomparisons  of  ship  and  land  instruments  were  made ;  in  3  of  the  harbors  swinging 
ship  could  not  be  imdertaken,  either  for  want  of  tug  facilities  or  because  of  insufficient 
space.  20  primary  land  stations  were  established ;  also,  in  the  neighborhood  of  the  primary 
stations,  20  secondary  stations  for  purposes  of  intercomparison  and  standardization  of  ship's 
instruments.  While  at  sea  during  Cruise  III,  in  addition  to  the  course  observations,  which 
were  made  as  frequently  as  weather  and  sea  conditions  permitted,  frequent  swingB,  imder 
sail,  on  6  to  8  headings,  were  carried  out.  Astronomical  observations  for  position,  with 
determinations  of  position  by  dead  reckoning,  daily  intercomparisons  of  5  chronometers,  and 
daily  meteorological  observations  were  made. 

The  closing  shore  observations  were  made  at  San  Francisco,  and  after  the  swing  obser- 
vations on  May  23, 25,  and  28  were  completed,  the  Galilee  was  returned  to  her  owners  on 
June  5,  1908.  She  had  been  in  almost  continuous  commission  since  August  1905,  or  a 
period  of  3  years  less  2  months,  during  which  cruises  of  63,834  nautical  miles  were  carried 
out  with  her  in  all  parts  of  the  Pacific  Ocean,  without  serious  mishap,  and  without  loss  of 
human  life.  For  further  information  regarding  Cruise  III,  the  abstract  of  ship's  log 
(pp.  147-154)  may  be  consulted.    The  three  cruises  of  the  GalUee  are  shown  on  Plate  6. 

METHODS  OF  WORK  ON  THE  GALILEE. 

GENERAL  PRINCIPLES  FOLLOWED. 

From  the  very  beginning  of  the  ocean  magnetic  work  on  the  GalUee  in  1905,  two  princi- 
ples were  steadfastly  held  in  view : 

a.  To  get  useful  work  done  and  make  the  results  promptly  known. 

b.  To  strive  for  the  highest  accuracy  attainable  in  all  magnetic  elements. 

Early  in  1905  the  Director  spent  a  month  abroad  consulting  various  eminent  investi- 
gators as  to  the  requirements  of  ocean  work,  but  could  get  practically  no  information 
in  addition  to  what  he  had  already  obtained  in  his  previous  experience  on  Coast  and 
Geodetic  Survey  vessels,  on  board  of  which  magnetic  work  had  been  initiated  under  his 
direction  in  1903.  Thanks  to  this  experience,  it  was  possible  for  him,  during  the  period  of 
the  experimental  trip  of  the  Galilee  from  San  Francisco  to  San  Diego,  in  August  1905,  to  fix 
upon  the  methods  used  practically  throughout  the  three  years  the  vessel  was  in  commission. 

The  general  principles  followed  were  to  secure  complete  control  of  each  instrumental 
constant  in  every  available  manner,  and  to  obtain  independent  checks  upon  the  observed 
values  of  the  magnetic  elements  by  securing  simultaneously  two  independent  determina- 
tions of  each  element,  under  conditions  as  widely  dififerent  as  possible;  i.  e.,  different 
observers,  dififerent  instruments,  and  at  dififerent  stations  on  the  observing  bridge,  so  that 
the  corresponding  ship-corrections  or  deviation-corrections  would  either  vary  in  amount 
or  even  change  sign. 

The  instructions  called  for  special  harbor  swings  when  feasible,  each  swing  to  be  on  both 
helms  and  on  a  separate  day.  These  swings  generally  required  a  tug,  though  a  launch  would 
do  under  favorable  weather  conditions.  Swings  at  sea,  imder  sail,  were  also  prescribed  at  as 
frequent  intervals  as  conditions  of  sea  and  weather  permitted.  Under  sail,  usually  one  and 
sometimes  two  out  of  eight  equidistant  headings  would  be  missed.  In  order  to  make 
swings  possible  for  a  sailing  vessel  in  calm  weather,  the  GalUee  was  equipped  on  her  second 
cruise  with  a  naphtha  launch  swung  at  the  stem  davits  when  not  in  use.    With  the  aid  of 
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launch,  the  ship  was  pulled  around,  during  a  swing,  or  towed  along,  if  need  be,  in  calm 
weather,  in  order  to  get  sufficient  headway  to  steer.  This  was  tried  with  some  success 
on  the  second  and  third  cruises  when  calm  weather  was  encountered. 

Regarding  the  magnetic  observations  made  on  the  ship's  coiu-se,  the  endeavor  was  to 
distribute  the  observations  over  varying  courses  as  far  as  possible.  In  other  words,  the 
attempt  was  to  vary  the  magnitude  and  sign  of  the  deviation  corrections  between  successive 
swings  as  much  as  possible  imder  the  conditions  encoimtered. 

Upon  arrival  at  port,  besides  harbor  swings,  shore  observations  were  made,  both  with 
the  set  of  absolute  land  magnetic  instruments  (magnetometer,  and  dip  circle  or  earth 
inductor)  and  with  the  ship  magnetic  instruments,  consisting  of  a  standard  compass,  a  sea 
dip-circle,  and  a  sea  deflector  described  later.  Wherever  there  was  a  magnetic  observa- 
tory, as  at  Christchurch  (New  Zealand),  Honolulu,  Apia,  Zikawei,  Sitka,  and  Tokio, 
comparisons  were  made  with  the  observatory  standards.  Thus  sufficient  opportunities 
were  afforded  for  the  required  control  of  the  instrumental  constants. 

It  was  soon  shown  that,  by  the  methods  employed,  the  observational  errors  were  not 
only  considerably  less  than  the  chart  errors,  but  were  also,  in  general,  less  than  or  about 
on  the  order  of  the  errors  of  the  deviation-corrections.  In  other  words,  the  imcertainty  of 
the  deviation-correction  soon  became  our  chief  concern.  If  this  was  so  with  the  precau- 
tions taken  on  the  Galilee ^  having,  as  already  said  (p.  7),  smaller  deviation-coefficients 
than  any  other  vessel  previously  engaged  in  magnetic  work,  and  swinging  ship  every  third 
or  fourth  day,  it  would  have  been  much  truer  on  a  vessel  having  larger  deviation-coeffi- 
cients and  less  opportimity  for  swings,  as  had  been  the  case  in  previous  expeditions. 
Obviously,  then,  there  was  no  need  to  defer  the  effort  to  obtain  useful  results  until  ocean 
instruments  had  reached  the  same  state  of  perfection  as  land  instruments,  unless  one  were 
assured  that  fimds  would  soon  be  available  for  the  building  of  a  wholly  non-magnetic 
ship.  This  assurance  we  did  not  have  when  the  work  was  begun  on  the  GoZtfee,  and  so 
we  were  determined  to  make  the  ocean  work  a  success  and  to  make  the  results  known 
promptly.  As  a  consequence,  it  was  already  possible  in  the  June  1906  issue  of  Terrestrial 
Magnetism  and  Atmospheric  Electricity  to  call  attention  to  large  systematic  errors  in  the 
Pacific  Ocean  charts  of  the  magnetic  declination,  inclination,  and  intensity  of  field.  Sub- 
sequent data  have  been  supplied  with  equal  promptness  to  the  leading  hydrographic 
establishments  which  construct  and  issue  magnetic  charts  for  the  use  of  mariners. 

The  prompt  reduction  of  the  observations  and  the  many  controls  insisted  on  whenever 
the  vessel  reached  port  served  to  disclose  the  weak  points,  but  not  always  as  quickly  in  the 
early  work  as  desired.  Thus,  because  the  deviation-coefficients  were  different  at  the  various 
positions  of  the  instruments,  it  was  not  possible  to  get  an  immediate  comparison,  for 
example,  in  declination  observations  made  at  two  different  stations  on  the  ship.  The  devia- 
tion corrections  could  not  be  successfully  determined  imtil  the  completion  of  a  cruise  cover- 
ing a  large  enough  range  in  magnetic  latitude.  And  here  is  where  the  great  advantage  of 
having  a  non-magnetic  ship,  like  the  Carnegie,  counts  most  heavily;  on  board  her  it  is 
possible  to  make  a  nearly  final  computation  a  few  minutes  after  completing  the  obser- 
vations, and  thus  to  check  up  an  observation  at  once  and  repeat  it,  if  necessary. 

The  observers  did  not  merely  make  the  observations  on  board  the  ship,  but  also  the 
first,  or  field,  reductions.  The  observations  and  preliminary  computations  were  not  allowed 
to  accumulate,  but  were  forwarded  promptly  from  the  first  mailing-port  to  the  office  at 
Washington,  where  they  were  subjected  to  a  careful  examination,  and  the  final  reduction 
was  made  as  soon  as  possible.  Abstracts  of  the  chief  results  obtained  were  kept  aboard 
for  futiu^  guidance. 

At  each  cable  port  the  commander  of  the  vessel  reported  his  arrival  and  experience, 
and  held  the  departure  of  the  vessel  subject  to  advice  from  the  Director.  Thus  the  ship 
was  kept  in  close  and  effectual  touch  with  the  Director  throughout,  and  possible  improve- 
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ments  could  readily  be  communicated.  Usually,  in  past  expeditions,  the  reduction  of  obser- 
vations has  been  deferred  until  the  close  of  the  work,  when  possible  improvement,  suggested 
by  the  results,  could  no  longer  be  made.  Moreover,  the  publication  of  results  generally 
occurred  so  long  after  the  observational  work  was  completed  that  other  expeditions  were 
unable  to  profit  by  the  experience  gained  on  previous  ones.  There  appears  to  be  nothing  so 
harmful  to  research  as  lack  of  promptness  in  the  reduction  of  observational  data  and  in  the 
publication  of  results.  Not  icdfrequently  delay  in  making  the  data  available  has  caused  the 
defeat  of  the  very  purpose  for  which  the  observations  were  undertaken. 

To  accomplish  prompt  reduction,  the  following  principles  were  followed  as  closely  as 
possible: 

First,  to  have  instruments,  methods  of  observation,  and  methods  of  computation 
all  form  one  harmonious  whole,  not  to  be  treated  as  though  they  were  independent  of  one 
another.  With  instruments  properly  constructed  and  carefully  tested,  it  has  been  found 
possible  to  get  absolute  values  of  the  magnetic  elements  with  an  accuracy  sufficing  for  all 
purposes — scientific  as  well  as  practical. 

Second,  to  adopt  such  observing  program  as  would  fit  the  purpose,  the  instruments, 
and  the  form  of  computation.  A  good  scheme  of  observation  takes  advantage  of  the  capa- 
bilities of  an  instrument  in  the  briefest  possible  time  and  is  so  arranged  that  independent 
computers  can  get  but  one  result,  if  no  computation  errors  have  been  made.  Observers 
have  had  impressed  upon  them  the  fact  that  their  observations  have  no  value  imtil  com- 
puted and,  hence,  that  they  must  bear  the  computer  in  mind  and  consider  what  his  task 
will  be. 

It  was  thus  possible  for  the  Director  to  be  almost  as  closely  in  touch  with  the  work  as 
though  he  himself  were  continuously  on  the  vessel. 

One  of  the  first  lessons  learned  was  that  it  is  rarely,  if  ever,  possible  to  have  ideal  con- 
ditions in  ocean  work.  In  consequence,  the  development  of  good  judgment  in  the  observer 
has  been  one  of  the  prime  requisites.  Sometimes  in  an  instant  he  has  to  be  able  to  change 
his  plan  of  observation  and  be  content  with  a  fair  degree  of  accuracy,  or  get  no  observations 
at  idl. 

REGARDING  OBSERVATION  FORMS. 

As  it  is  difficult,  even  for  a  magnetician  experienced  in  observatory  work  or  in  mag- 
netic surveys  on  land,  to  form  an  adequate  conception  of  the  problems  confronting  one  in 
ocean  work,  there  will  be  given  later  in  more  detail  the  directions  followed  in  the  observa- 
tional work,  as  well  as  specimens  of  observations  and  of  computations.  Various  practical 
schemes  for  making  satisfactory  ocean  observations  had  to  be  devised,  and  a  large  number 
of  printed  forms  were  prepared  for  simplifying  both  the  recording  and  the  computing  of 
the  various  kinds  of  observations.  Comparatively  few  hints  could  be  gleaned  from  the 
published  reports  of  previous  expeditions  as  to  the  best  and  most  efficacious  methods  of 
determining  ship  deviations  for  all  three  magnetic  elements.  While  considerable  work  had 
been  done  with  regard  to  observations  for  declination  deviations,  comparatively  little  was 
available  for  guidance  in  obtaining  correctly  and  accurately  the  dip  and  intensity  devia- 
tions. Fortunately  this  troublesome  part  of  ocean  magnetic  work  has  been  eliminated  on 
the  Carnegie. 

Suitable  printed  forms  are  a  very  great  help  not  only  in  properly  recording  observa- 
tions, but  also  in  quickly  calling  attention  to  the  omission  of  important  information  required 
by  an  office  computer  who,  necessarily,  is  unacquainted  with  the  circumstances  under  which 
the  observations  were  made.  A  proper  and  suitably  arranged  record  of  observations  reduces 
the  labor  of  computation. 
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MAGNETIC  INSTRUMENTS  USED  IN  THE  GALILEE  WORK. 

GENERAL  CONSIDERATIONS. 

The  available  space  on  board  ship  for  magnetic  work  is  necessarily  restricted  and  in 
fact  is  never  as  large  as  one  would  like — ^not  even  on  the  Carnegie.  Hence  it  becomes 
essential  to  arrange  the  instnmients  so  that  what  is  aimed  at  can  be  accomplished  without 
bringing  them  so  close  as  to  have  an  efifect  on  one  another,  thus  again  introducing  devia- 
tion corrections.  There  are  three  elements  to  be  determined:  the  magnetic  declination, 
inclination,  and  intensity  of  the  Earth's  field. 

The  general  experience  in  magnetic  work  has  abundantly  shown  the  need  of  getting, 
whenever  possible,  a  totally  independent  check  on  each  element.  Hence  each  element 
should  be  determined  twice,  preferably  by  simultaneous  observations,  which  would  require 
6  different  instruments  or  the  measurement  of  more  than  one  element  with  the  same  instru- 
ment. The  first  is  rarely  practicable  because  of  the  limited  space  for  observing  and  the  desir- 
ability of  taking  advantage  of  the  best  possible  conditions  regarding  steadiness  of  ship,  etc. 

Our  developments  have  accordingly  been  along  the  second  line,  viz,  that  each  instru- 
ment should  be  capable  of  measuring,  as  far  as  practicable,  at  least  two  different  magnetic 
elements.  Thus  an  instrument  primarily  intended  for  magnetic  declination  was  arranged, 
by  a  suitable  deflection  device,  to  measiure  also  the  horizontal  intensity;  one  arranged 
chiefly  for  horizontal  intensity  was  so  made  that  declination  could  be  observed  with  it, 
and  finally  the  adopted  dip  circle  measured  both  the  inclination  and  the  total  intensity. 
Thus  it  was  possible  to  apply  all  needful  checks,  and  the  instrumental  equipment  was  such 
that  the  three  magnetic  elements  could  be  determined  wherever  the  vessel  might  happen  to 
be.  In  regions  of  low  horizontal  intensity  it  is  better  to  employ  a  total-intensity  method ; 
hence  the  need  of  appliances  for  measuring  both. 

Next,  a  symmetrical  development  of  all  instruments  was  striven  for.  It  was  recognized 
as  a  mistake  to  pick  out  any  one  instrument,  e.  9.,  an  intensity  instrument,  and  devote 
exclusive  attention  to  it,  difrogarding  the  way  it  would  fit  in  with  the  other  appliances. 
Hence,  from  the  start,  equal  attention  was  bestowed  on  all  three  elements,  various  methods 
and  instruments  being  studied  and  thoroughly  tried  out  under  actual  sea  conditions. 

The  improvements  in  instruments  and  the  new  principles  which  were  developed  for 
the  work  of  the  Carnegie  are  described  on  pages  177-203. 

SEA  INSTRUMENTS  FOR  MAGNETIC  DECLINATION. 

The  magnetic  declination  was  determined  on  board  the  Galilee  chiefly  with  a  Ritchie 
United  States  Navy  standard  liquid  compass  and  azimuth  circle  of  latest  pattern.  This 
well-constructed  compass  is  made  by  E.  S.  Ritchie  and  Sons  of  Brookline,  Massachusetts, 
and  in  only  one  size,  viz,  7f-inch  card  curved  inward,  graduated  to  every  degree,  and  is 
provided  with  four  cylinders  of  needles  with  central  buoyancy,  the  keel-lines  being  enameled 
on  copper.  The  azimuth  circle  is  the  Ritchie  type  III,  as  used  in  the  United  States  Navy; 
it  is  carefully  fitted  to  the  top  of  the  compass,  and  carries  the  optical  parts.  The  rays  of 
the  Sun  are  received  directly  upon  a  cylindrical  mirror  and  reflected  through  a  right-angle 
prism  on  the  opposite  side  of  the  ring,  appearing  on  the  card  as  a  bar  of  light  upon  the 
graduation.     (See  Plate  3,  Figs.  l-A.) 

Some  declination  results  were  also  obtained  with  a  Negus  liquid  compass,  bearing  the 
imprint,  ''sold  by  T.  S.  and  J.  D.  Negus."  It  was  made  by  E.  S.  Ritchie  and  Sons,  and  is 
catalogued  by  them  as  a  "  flat-card  compass  with  central  buoyancy" ;  the  card  is  8  inches  in 
diameter,  is  graduated  to  single  degrees,  and  supports  six  cylinders  of  magnetic  needles,  these 
cylinders  being  somewhat  smaller  than  those  in  the  Ritchie  standard  compass.  This 
compass  is  not  so  well  constructed  as  the  ''standard,"  and  is  listed,  size  for  size,  at  about  half 
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the  price  of  the  latter.  The  azimuth  circle  is  the  Negus  pattern,  and  is  described  in  con- 
nection with  the  sea  deflector,  page  24.     (See  Plate  5,  Figs.  1-4.) 

Some  experimental  declination  observations  were  also  made  with  a  Kelvin  compass. 
This  is  the  dry,  silk-suspended  card  compass,  designed  and  patented  by  Sir  William  Thom- 
son (Lord  Kelvin).  The  Kelvin  azimuth  instrument  for  this  compass  was  made  by  the 
Kelvin  and  James  White  Company.     (See  Plate  3,  Fig.  5.) 

Practically  every  modem  azimuth  device  was  given  a  trial,  but  none  was  found  equal 
to  the  requirements  of  all  the  varied  conditions  encountered.  In  general  the  simplest 
devices  were  foimd  to  be  the  best.  With  bright  Sun  and  a  fairly  smooth  sea,  good  results 
can  be  obtained  by  a  careful  observer  with  any  of  the  best  azimuth  circles  in  use.  For 
the  varied  conditions  encoimtered,  the  observers  on  the  GalUee  gave  preference,  in  general, 
to  the  Ritchie  azimuth  circle  mentioned  above,  this  having  both  a  prism-reflection  device 
for  fairly  bright  Sun  and  a  direct-vision  method.  Apparently  there  was  considerable  room 
here  for  improvement,  for  it  frequently  happened  that,  under  conditions  which  still  per- 
mitted seciuing  satisfactory  azimuth  observations  on  land,  none  could  be  made  at  sea, 
because  the  Sun  was  either  too  high  or  too  faint  to  admit  of  obtaining  good  results  with  the 
available  azimuth-devices. 

Every  known  appliance  was  found  subject  more  or  less  to  the  error  arising  from  motion 
of  the  card  while  the  magnetic  bearing  of  the  celestial  body  was  being  taken.  To  eliminate 
this  error  it  was  necessary  to  extend  the  observations  over  a  sufficiently  long  interval  so 
that,  on  the  average,  it  could  be  assumed  that  the  effect  of  the  various  motions  of  the  card 
had  been  eliminated.  This  had  to  be  done  more  or  less  blindly,  however,  as  one  could  never 
tell  just  at  what  point  of  the  arc  of  motion  the  magnetic  azimuth  of  the  stellar  body  was 
obtained.  Furthermore,  all  azimuth  appliances  had  movable  parts  subject  to  wear  with 
frequent  use,  such  as  the  axes  of  mirrors  or  of  prisms  and  the  wear  of  the  azimuth  circle 
on  the  bowl.  Likewise,  graduation  errors  of  the  card  had  to  be  considered.  The  result 
of  the  defects  in  the  usual  ship's  compasses  and  azimuth  circles  was  the  introduction  of 
"apparent"  deviation  corrections,  not  due  to  the  ship's  magnetism,  but  to  purely  instru- 
mental causes.  To  be  able  to  separate  the  ''apparent"  from  the  ''true"  deviations,  it  was 
necessary  to  go  through  an  elaborate  series  of  shore  observations  whenever  the  vessel 
reached  port.  The  ship  instruments  were  invariably  dismoimted  and  used  ashore  along- 
side of  the  customary  magnetic  outfits  for  land  work.  As  far  as  hnown^  it  was  in  the  work 
of  the  Galilee  that  the  two  sources  of  devuitionrcoefficierits — those  due  purely  to  ship's  mag- 
netism  and  those  due  to  defects  in  the  magnetic  instruments — were  first  systematically  sepor 
rated.     (See,  for  example,  pp.  60-62.) 

The  difficulties  of  securing  azimuth  observations  at  sea  were  further  increased  by  the 
meteorological  conditions  frequently  encountered  in  the  Pacific  Ocean,  viz,  clouds  and  fog. 
For  example,  on  the  experimental  cruise  from  San  Francisco  to  San  Diego  in  August  1905, 
we  went  out  to  sea  150  miles  to  get  beyond  the  fog  prevailing  on  the  coast  at  that  time 
of  the  year,  and  not  until  the  fourth  day  out  did  we  secxu^  the  azimuth  observations 
necessary  to  give  declination  results. 

The  problem  of  securing  the  magnetic  bearings  of  celestial  objects,  and  hence  results 
for  magnetic  declination,  was  the  most  serious  one  encoimtered  in  the  steady  progress  of 
the  magnetic  survey  of  the  Pacific  Ocean.  In  time  of  cloud  or  fog,  results  for  magnetic 
inclination  and  intensity  could  be  obtained,  but  none  for  magnetic  declination.  Thus  on 
some  portions  of  the  cruises  of  the  GalUee  there  were  very  few  opportimities  to  secure 
declinations.  There  may  have  been  encountered  on  these  portions  weather  that  would 
ordinarily  be  characterized  as  fine  weather  for  navigation,  permitting  the  securing  of  suffi- 
cient sextant  observations  for  navigating  the  vessel,  but  the  observers  still  failed  to  obtain 
satisfactory  magnetic-declination  results  in  sufficient  number,  chiefly  on  account  of  the 
instrumental  difficulties  above  mentioned. 
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Practically  every  diflSculty  in  securing  magnetic  results  at  sea,  with  the  desired  degree 
of  accuracy,  has  been  surmounted,  as  will  be  seen  from  the  specimen  results  given  later, 
with  the  exception  of  this  particular  one — how  to  secure  magnetic  declinations  when  no 
celestial  object  is  visible  with  the  aid  of  which  a  true  azimuth  can  be  determined.  On  land 
the  magnetic  meridian  can  be  referred  to  some  fixed  object,  the  azimuth  of  which  may  be 
determined  at  leisiu^e  and  when  the  skies  permit.  At  sea,  in  cloudy  weather,  no  fixed  object 
is  to  be  had.  It  is  hoped  that  some  time  tests  may  be  made  as  to  how  far  a  device  based 
on  the  gyroscope  will  solve  this  problem. 

While  L:  A.  Bauer's  attention  was  being  devoted  to  the  perfecting  of  appliances  and 
methods  for  inclination  and  intensity,  W.  J.  Peters  was  making  a  careful  study  of  instru- 
ments for  measuring  the  magnetic  declination  at  sea.  Special  experiments  and  studies 
were  carried  on  by  him  as  opportunity  afforded,  especially  on  the  third  and  last  cruise 
of  the  Galilee.  As  the  result,  there  was  devised  the  '^  marine  collimating-compass,"  which 
became  the  principal  declination-instrument  on  the  Carnegie.  There  have  been  eliminated 
in  this  compass  (see  pp.  177-178)  the  chief  instrumental  sources  of  error  in  magnetic- 
declination  observations  at  sea  described  on  page  18. 

Studies  of  the  declination  results  with  the  instruments  which  were  used  in  the  Galilee 
work  showed  that  on  land  the  magnetic  declination  could  be  obtained  with  the  standard 
Ritchie  7|-inch  liquid  compass,  using  either  the  cylindrical  mirror  or  the  dark  plane  mirror, 
within  0?2,  and  with  special  care  within  0?1.  However,  these  devices  did  not  afford  such 
precision  when  used  at  sea;  it  was  found,  for  example,  that  the  results  from  8  different  sets 
of  10  pointings  each  differed  at  times  as  much  as  0?5.  The  Kelvin  azimuth  attachment  on 
the  diy  compass  was  frequently  found  to  give  even  more  discordant  results,  which,  however, 
in  some  measure,  may  have  been  caused  by  the  near  synchronism  of  the  card  oscillation  and 
the  roll  of  the  ship. 

SEA  INSTRUMENT  FOR  INCLINATION  AND  TOTAL  INTENSITY. 

The  magnetic  inclination  and  total  intensity  of  the  Earth's  magnetic  field  were  deter- 
mined with  the  well-known  '*  Lloyd-Creak  dip-circle,"  modified  as  experience  showed  neces- 
sary. This  form  of  dip  circle,  designated  hereafter  as  ''sea  dip-circle,"  for  use  primarily 
in  observations  at  sea,  replaced  the  well-known  "Fox  dip-circle,"  devised  in  1835,  which 
had  made  possible  the  admirable  ocean  magnetic  work  in  the  foiuth  decade  of  the  last 
century  on  the  ErebuSj  Terror^  and  Pagoda^  and  had  been  used  in  subsequent  expeditions 
(Challenger,  1872-76;  Gazelle ,  1874-76;  and  on  various  Arctic  and  Antarctic  vessels). 

Briefly  described,  the  new  instrument  applied  the  method  of  Lloyd's  needles  for  the 
purpose  of  determining  the  absolute  inclination  and  the  relative  total  intensity  at  sea;  it 
embodied  a  number  of  modifications  of  the  Fox  dip-circle,  the  chief  improvement  being  in 
the  moimting  of  the  needles,  which  greatly  facilitated  the  various  operations,  reducing  to  a 
minimum  the  possibility  of  injury  to  pivots  of  needle,  permitting  reversal  of  needles,  etc. 
The  improvements  were  devised  by  Capt.  Ettrick  Creak  before  his  retirement  from  the 
superintendency  of  the  Compass  Department  of  the  British  Admiralty,  and  the  expenses  of 
the  initial  experiments  were  defrayed  by  the  British  Admiralty.  Several  instruments  were 
constructed  under  Captain  Creak's  direction,  and,  after  having  passed  the  tests  of  the  Kew 
Observatory,  were  supplied  to  the  Antarctic  vessels  of  1902-04,  the  Discovery  of  Great 
Britain  and  the  Gaiias  of  Germany.  Unfortunately,  there  were  some  instrumental  defects 
in  these  Lloyd-Creak  dip-circles,  the  German  obs^er  (Dr.  F.  Bidlingmaier)  being  highly 
dissatisfied  with  the  performance  of  the  instrument  on  the  Gauss.  For  some  reason  any 
intensity  observations  which  may  have  been  made  at  sea  on  the  Discovery  with  the  new 
instrument  have  not  been  published  in  the  volume  of  results  of  the  British  expedition.  An 
instrument  supplied  about  the  same  time  to  the  United  States  Coast  and  Geodetic  Survey, 
and  another  one  used  on  the  first  cruise  of  the  GoItZee,  likewise  required  modification  before 
they  could  be  used  successfully. 
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Descbiption  of  Sea  Dip-Circle  Used  on  Cruise  I. 


Plate  4,  Figure  1,  shows  the  original  form  of  L.  C.  dip-circle  mounted  on  a  tripod 
for  shore  observations.  The  coimterpoise,  seen  attached  to  the  base,  is  only  used  for  bal- 
andng  the  instrument  when  mounted  on  board  ship  on  the  gimbal  stand.  The  illustration 
also  shows  a  compass  attachment,  added  by  us  for  shore-work,  as  described  later. 

The  graduated  back-circle  and  other  parts  of  the  Fox  dip-circle  are  omitted  in  the  L.  C. 
instrument  and  replaced  by  thick  groimd  glass.  There  is,  therefore,  only  the  one  grad- 
uated vertical-circle  for  reading  the  inclination  of  the  needle;  it  is  11.4  cm.  inside  diameter 
and  is  graduated  every  10  minutes.  At  our  request  the  recent  instruments  have  the  vertical 
drcle  numbered  every  2®  instead  of  every  5°  as  formerly,  counting  continuously  from  0® 
to  360^  instead  of  from  0^  to  90^  for  each  quadrant. 

The  needles  are  11.35  cm.  long  and  have  cone-shaped  axles  terminating  in  small 
cylindrical  ends,  about  0.5  mm.  long,  roimded  off  at  the  extremity  and  highly  polished. 
The  needle,  when  moimted,  swings  in  the  plane  of  the  vertical  circle.  The  ends,  or  points, 
of  the  needle  come  very  near  the  graduated  arc  and  the  readings  are  made  with  sufficient 
accuracy  directly  on  the  circle  with  the  aid  of  the  microscopes,  there  being  no  verniers,  such 
as  used  in  land  instruments. 

As  the  sea  dip-circle  is  designed  for  use  on  board  ship,  the  agate  knife-edges  of  the 
land  dip-circle  are  replaced  here  by  jewel  cup-bearings  in  which  the  pivots  of  the  needle 
rest  or  turn.  The  jewels,  fixed  to  the  cross-bars  of  the  circle,  are  highly  polished  sapphires 
in  which  conical  cavities,  slightly  larger  than  the  axles  of  the  needles,  have  been  drilled  and 
polished.  The  upper  half  of  the  jewel  is  removed,  thus  leaving  a  cup  into  which  the  axles 
of  the  needle  can  be  lowered  by  the  lifter  provided.  By  this  arrangement  the  needles  can 
be  retained  in  place  even  when  the  gimbal  stand,  described  below,  upon  which  the  instru- 
ment is  placed,  is  subject  to  irregular  motions,  due  to  those  of  the  E^p. 

Each  microscope  for  reading  the  position  of  the  needle  is  faced  with  ivory  to  light  the 
circle  and  contains  a  single  central  thread ;  in  making  observations  the  microscope-thread  is 
set  on  the  point  of  the  needle,  whereupon  the  degrees  and  minutes  (by  estimation  into  tenths 
of  a  10-minute  space)  are  read  directly  upon  the  circle.  It  is  not  absolutely  necessary  to 
set  the  thread  directly  on  the  point  of  the  needle,  for  the  reading  can  be  taken  by  noting 
the  i>osition  of  the  point  directly  on  the  circle ;  in  the  deflection  observations  of  the  intensity 
determinations,  however,  in  order  to  secure  perpendicularity  of  the  two  needles  to  one 
another,  it  is  essential  to  set  the  thread  on  the  point  of  the  suspended  needle. 

Holes  are  drilled  in  the  weighted  needle  for  inserting  the  weight  in  either  end  accordmg 
to  sign  of  the  inclination.    A  small  box  of  spare  weights  is  provided. 

As  in  the  case  of  the  Fox  dip-circle,  an  ivory  scraper  is  provided,  to  be  used  in  rubbing 
and  slightly  tapping  the  vertical  brass  knob  on  the  top  of  the  instrument  (below  the  compass 
attachment;  see  Plate  4,  Fig.  1).  With  this  ivory  scraper,  sufficient  vibration  is  imparted 
to  the  pivots  of  the  suspended  needle  to  overcome  the  friction  between  them  and  the  sides 
of  the  jewels,  so  as  to  cause  the  needle  to  settle  down  to  the  lowest  point  of  the  bearing. 

The  brass  case  shown  at  right  angles  to  the  microscopes  is  for  the  purpose  of  protecting 
the  deflecting  needle  from  injury  to  the  pivots  and  from  sudden  changes  of  temperature 
during  intensity  observations. 

The  chief  improvement  of  the  Lloyd-Creak  dip-circle  over  the  Fox  dip-circle  consists, 
accordingly,  in  the  construction  of  the  needles  and  in  the  removal  of  the  upper  halves  of 
the  jewels  in  which  the  pivots  of  the  needle  work.  This  form  of  bearing  permits  making 
observations  in  all  positions  employed  for  securing  absolute  results  on  land,  and  also  permits 
ready  removal  and  replacing  of  the  needle.  The  dip  needles  used  in  the  sea  work  can, 
therefore,  have  their  polarities  reversed  for  elimination  of  error  due  to  eccentricity  of  center 
of  gravity,  just  as  for  land  work. 
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deflections  were  impossible  when  within  about  30^  or  40°  of  the  magnetic  equator.  In  this 
r^on  the  total  intensity  of  the  Earth's  magnetic  field  was  too  small  in  comparison  with 
that  exerted  by  the  deflecting  needle,  and  so  the  suspended  needle  would  not  come  to  rest 
perpendicular  to  the  deflecting  needle.  Thus,  on  the  1905  cruise  of  the  Galilee,  the  L.  C. 
dip-circle  became  unavailable  for  total-intensity  observations  before  the  vessel  reached 
Honolulu.  Similar  experiences  were  encoimtered  in  1904  by  the  Coast  and  (Geodetic  Survey 
steamers  Bache  on  a  trip  to  Jamaica  and  Colon  and  by  the  Patterson  on  a  trip  to  Honolulu. 
Accordingly  the  original  deflection  distance  was  increased  from  7.3  cm.  to  7.9  cm.  and  at 
the  same  time  a  second  deflection  distance  (9.4  cm.)  was  introduced,  making  the  instrument 
everywhere  available,  at  least  for  the  latter  distance.  It  only  required  a  change  in  the  deflec- 
tion distance  from  7.3  cm.  to  7.9  cm.  to  make  it  possible  to  use  the  instrument  and  method 
over  the  entire  Pacific  Ocean,  instead  of  for  the  limited  region  above  mentioned.  A  brass 
case  (see  Plate  4,  Fig.  3)  for  the  deflecting  needle  was  made,  so  as  to  avoid  handling  the 
needle  during  a  set  of  observations,  the  change  from  short  distance  to  long  distance  being 
effected  by  a  simple  inversion  of  the  case,  in  which  the  needle  is  mounted  eccentrically. 

Next,  the  milled  heads  of  the  f ootscrews  were  graduated  and  means  provided  for  insur- 
ing that  the  instrument  when  mounted  on  the  gimbal  stand  should  actually  be  level.  The 
heights  of  the  footscrews  were  repeatedly  determined  and  controlled  for  an  invariable  and 
level  position  of  the  circle  whenever  the  vessel  was  in  port,  and  from  these  determinations 
it  was  possible  to  set  the  instrument  level  at  any  time.  We  do  not  recall  seeing  described 
in  any  book  on  ocean  magnetic  work  in  what  way  the  dip  circle  was  actually  set  level  on 
the  gimbal  stand,  although  the  full  error  of  level  may  go  into  the  inclination.  Upon  one 
occasion  the  accidental  setting  of  f ootscrew  B  in  the  place  intended  for  f ootscrew  C  pro- 
duced an  error  of  about  1?5  in  the  inclination.  In  this  connection,  special  attention  was 
also  paid  to  the  accurate  balancing  and  leveling  of  the  instrument,  with  the  aid  of  counter- 
poise, when  mounted  on  board  ship  on  the  gimbal  stand. 

From  the  method  of  observation  invariably  followed,  four  determinations  of  inclina- 
tion were  seciured,  two  of  these  being  with  the  regular  dip-needles  according  to  the  absolute 
method,  inclusive  of  reversal  of  polarity  of  needle,  and  two  being  ''deflected  dips,"  i.  e., 
those  resulting  from  the  deflection  observations  at  two  distances  for  getting  total  intensity, 
hence  not  involving  any  additional  time.  The  scheme  of  observation  was  such  that  each  dip 
applied  practically  to  the  same  moment  of  time  and  to  the  same  geographic  position  of  ship, 
which  of  course  was  moving  throughout  the  observations.  In  1905  the  agreement  between 
the  values  of  the  inclination  obtained  from  the  deflection  observations  and  from  the  regular 
dip-needles  was  not  always  satisfactory.  Upon  investigation  it  was  found  that  this  was 
chiefly  due  to  the  lateral  play  of  the  suspended  intensity-needle.  No.  3,  in  the  jewels.  In  the 
first  L.  C.  dip-circles,  the  pivots  of  the  various  needles  were  not  always  precisely  of  the  same 
length;  hence,  in  order  not  to  have  the  jewels  so  close  as  to  bind  on  the  pivots  of  any  one 
needle,  they  were  put  far  enough  apart  to  prevent  this.  It  thus  occurred  that  some  lateral 
play  resulted  for  the  needle  with  the  shortest  distance  between  the  ends  of  the  pivots,  which, 
in  the  case  considered,  happened  to  be  intensity  needle  No.  3.  The  rubbing  of  the  brass 
knob  with  the  ivory  scraper,  or  the  motion  of  the  ship,  doubtless  caused  the  suspended 
needle  to  move  so  as  to  change  its  distance  from  the  fixed  deflecting-needle  (No.  4),  by  a 
fraction  of  a  millimeter — sufficient  to  produce  an  appreciable  error  in  the  observations. 
To  overcome  this  difficulty  the  jewels  were  adjusted  so  as  to  fit  needle  No.  3,  and  other 
needles  were  substituted  for  those  that  were  found  to  bind  for  this  position  of  the  jewels. 

For  certain  shore  work  there  were  also  provided,  for  use  when  necessary,  a  compass 
attachment  and  an  astronomical  telescope,  so  as  to  make  the  sea  dip-circle  a  imiversal 
instrument — ^a  theodolite,  dip  circle,  and  magnetometer  combined.  The  compass  attach- 
ment served  ashore  for  setting  the  plane  of  the  dip  circle  in  the  magnetic  meridian  when  it 
was  not  desired,  or  not  possible,  to  use  the  magnetic-prime-vertical  method,  and  also  for 
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obtaining  values  of  the  magnetic  declination  within  2'  or  Z'.  The  instrument  is  not  recom- 
mended, however,  for  general  land  work,  having  been  designed  to  meet  the  special  needs  of 
work  at  sea. 

In  addition  to  perfecting  the  instrument  itself,  special  experiments  have  been  in  progress 
with  the  view  of  disclosing  the  cause  of  outstanding  errors.  There  is  no  great  difficulty  in 
perfecting  a  magnetic  instrument  which  shall  admit  of  observations  with  the  desired 
absolute  accuracy  over  a  limited  region,  but  when  the  same  accuracy  must  be  insured 
over  practically  the  entire  globe,  then  problems  present  themselves  not  readily  appreciated. 
Even  for  land  instruments,  as  has  been  repeatedly  found,  the  problem  is  not  such  a  simple 
one.  Accordingly,  in  our  work,  great  stress  has  been  laid  on  the  necessity  not  to  overesti- 
mate the  absolute  accuracy  obtained,  but,  on  the  contrary,  continually  to  assume  that  the 
desired  acciu*acy  is  not  being  reached  and,  hence,  that  it  is  of  the  utmost  importance  to 
get  independent  checks  in  every  possible  manner.  Thus  not  only  has  every  opportunity 
been  embraced  in  port  to  get  shore  intercomparisons  between  all  ship  instruments  and 
land  outfits  (our  own  as  well  as  those  of  local  observatories),  but  there  also  have  been 
devised  special  testing-appliances  at  Washington. 

One  peculiarity  of  the  various  sea  dip-circles  which  have  come  to  our  notice  has  not 
yet  been  wholly  explained,  viz,  well-nigh  invariably  the  dip-needle  corrections  are  negative 
on  good  land  dip-circles,  or  on  approved  earth-inductors.  This  correction  may  be  as  much 
as  5'  and  more;  hence  the  need  of  the  continual  control  spoken  of  in  previous  paragraphs. 
In  these  instruments  the  house  in  which  the  needle  swings  is  of  brass,  whereas  in  land  dip- 
circles  it  is  of  wood.  Throughout  oiu*  experience,  covering  magnetic  instruments  of  every 
type  and  make,  we  have  not  yet  found  one — ^be  it  a  magnetometer  or  a  dip  circle — that  has 
proved  wholly  satisfactory  if  the  magnet  house  is  of  brass.  Accordingly,  one  of  our  future 
experiments  will  be  to  replace  the  metal  house  of  the  sea  dip-circle  with  wood  to  see  whether 
the  rather  large  absolute  corrections  can  thus  be  avoided. 

The  possibility  of  a  better  way  of  mounting  the  needle  than  in  the  present  jewels  is  also 
recMving  attention.  Furthermore,  a  marine  earth-inductor  has  been  designed  and  installed 
on  the  Carnegie  to  serve  as  another  means  of  control  on  the  sea  dip-circle.    (See  pp.  196-200.) 

For  further  information  regarding  the  sea  dip-circles  and  best  methods  of  observing, 
see  the  Carnegie  work,  pages  195-196,  and  the  tracts  from  instructions  (pp.  115-127). 

SEA  INSTRUMENT  FOR  HORIZONTAL  INTENSITY. 

As  described  in  the  previous  section,  the  modifications  introduced  in  the  original  sea 
dip-circle  made  it  possible  to  obtain  total  intensity  {F)  observations  in  all  magnetic  lati- 
tudes, beginning  with  the  second  cruise  of  the  Galilee.  The  inclination  or  dip  (7)  being 
observed  at  the  same  time  with  the  same  instrument,  the  value  of  the  horizontal  intensity 
{H)  is  obtained  by  computation  with  the  aid  of  the  formula 

H  =  F  cos  I 

In  accordance  with  our  adopted  principles,  it  was  highly  desirable  also  to  obtain  H 
directly,  in  regions  of  not  too  low  values  of  H,  t.  6.,  in  not  too  high  magnetic  latitudes,  by 
some  convenient  and  independent  method.  Accordingly  in  the  spring  of  1905,  L.  A.  Bauer, 
having  in  mind  this  desideratum  and  the  failures  experienced  in  low  magnetic  latitudes 
with  the  original  sea  dip-circles,  undertook  the  devising  of  a  special  and  simple  deflecting 
i^paratus,  which  could  readily  be  attached,  if  necessary,  to  the  ordinary  navigating 
compasses,  or  form  an  entirely  independent  instrument.  At  that  time  Bidlingmaier's 
''double  compass"  had  not  been  perfected,  and  even  if  it  had,  it  would  not  have  answered 
our  requirements.  The  simplest  possible  contrivance  was  desired  both  from  an  instru- 
mental as  well  as  from  a  computing  standpoint.  For  one  reason  or  another  previous  appli- 
mnoes  for  measuring  the  horizontal  intensity  at  sea  had  not  proved  entirely  satisfactory. 
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Description  of  Sea  Deflector. 

For  the  reasons  above  set  forth  there  was,  accordingly,  developed  a  deflecting  arrange- 
ment based  on  the  sine-deflection  formula,  which  implies  that  the  deflecting  magnet  shall 
be  at  right  angles  to  the  deflected  one  when  the  state  of  equilibrimn  has  been  reached. 
The  deflecting  magnet  was  mounted  vertically  above  the  center  of  suspension  of  a  magnet 
system  (compass  card),  instead  of  in  the  same  horizontal  plane  with  it  and  off  to  one  side, 
e.  g.f  to  the  east  or  west,  as  is  done  in  most  forms  of  land  magnetometers  and  as  was  also  the 
case  in  Neumayer's  ''deviations  magnetometer,"  used  on  the  Gauss.  This  new  instru- 
ment is  here  tenned  the  "sea  deflector";  in  various  forms  it  has  been  used  throughout  the 
work  of  the  Galilee  and  the  Carnegie  for  determining  both  the  magnetic  declination  and  the 
horizontal  intensity. 

For  experimental  sea-deflector  1,  used  on  the  GalHee^s  cruises  up  to  July  30,  1907, 
there  was  utilized  for  base  of  the  instrument  an  8-inch  Ritchie-N^us  liquid  compass 
(No.  31974),  the  kind  ordinarily  employed  in  navigation.  Next  a  bridge,  with  a  disk  on 
top  for  carrying  the  deflecting  magnet,  was  attached  at  right  angles  to  the  sight  line  or  sight 
bows  of  the  latest  form  of  N^us  azimuth-circle,  provided  with  the  said  liquid  compass. 
These  sight  bows  consisted  of  two  stout  parallel  brass  wires  bent  into  bows,  somewhat  over 
a  millimeter  apart;  they  served  to  define  the  vertical  sight-plane  passing  between  them 
and  through  a  brass  pointer,  with  the  aid  of  which  the  compass  was  read,  or  any  point  of 
the  card  set  upon;  they  took  the  place  of  the  telescope  in  the  land  magnetometer.  (See 
Plate  5,  Fig.  1.) 

To  make  a  setting  with  the  deflecting  magnet  moimted  on  the  disk,  the  azimuth  circle 
was  turned,  canying  the  deflector  and  sight  bows,  until  the  brass  pointer  was  over  the 
south  end  of  the  compass  card.  Then,  since  the  magnet,  by  construction,  was  moimted 
at  right  angles  to  the  sight  line  or  bows,  and  as  the  latter  were  set  directly  over  or  parallel  to 
the  north-and-south  diameter  of  the  compass  (assumed  for  the  present  to  define  the  mag- 
netic axis  of  the  compass  card),  it  followed  that,  in  the  position  of  equilibrium  between 
magnet  and  card,  the  magnetic  axes  of  the  two  were  at  right  angles  to  each  other;  thus  the 
condition  of  the  simple  sine-deflection  method  was  secured. 

Both  lubber-lines,  marked  on  the  inside  of  the  compass  bowl,  were  then  directly  read 
on  the  compass  card  to  the  nearest  tenth  of  a  d^ree,  holding  the  eye  so  as  to  avoid  parallax. 
In  this  way  one  of  four  operations  required  to  complete  a  set  was  carried  out.  Let  us  say, 
in  operation  a,  the  north  end  of  the  deflecting  magnet  was  towards  the  east,  and  the  setting 
of  the  brass  pointer,  with  the  aid  of  the  bows,  was  made  on  the  south  point  of  the  compass 
card;  then,  in  6,  the  azimuth  circle  would  be  turned  so  as  to  make  a  setting  on  the  north 
point  of  the  compass  card,  the  north  end  of  the  magnet  then  being  to  the  west;  next,  c, 
the  magnet  was  turned  aroimd  on  its  support,  so  that  north  end  would  be  east,  setting,  how- 
ever, again  on  north  point  of  compass;  and  finally,  d,  azimuth  circle  was  turned  and  pointer 
set  on  south  point  of  compass,  north  end  of  magnet  being  then  west.  In  brief,  practically 
the  same  four  deflection  positions  usual  in  land  magnetometers  could  be  carried  out  with 
the  sea  apparatus. 

The  difference  in  the  lubber-line  readings  for  operations  a  and  6,  or  c  and  d,  or  h  and  c, 
or  a  and  d,  gave  twice  the  angle  by  which  the  compass  card  was  deflected  from  the  magnetic 
meridian  owing  to  the  presence  of  the  deflecting  magnet  above  it,  and  the  mean  of  the 
two  readings  of  any  one  of  those  pairs  gave  the  magnetic  meridian,  barring  errors  due  to 
eccentricity  of  mounting  and  of  magnetic  axes.  The  mean  deflection-angle  would  be  free 
from  errors,  due  to  these  two  causes.  The  magnetic-meridian  reading  of  the  card  was  also 
recorded  before  the  deflecting  magnet  was  moimted,  and  again  after  removal.  The  tem- 
perature of  the  magnet  was  read,  and  the  time  was  recorded,  both  at  the  beginning  and 
ending  of  each  set  of  four  deflection-readings. 
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in  the  ship's  heading  during  observations,  were  eliminated  as  follows:  If  but  one  observer 
was  available,  who  likewise  had  to  record  for  himself,  directions  were  given  to  the  helms- 
man to  hold  a  certain  course  as  nearly  as  possible  for  an  hour  to  an  hour  and  a  half,  and  to 
call  out  "on"  when  he  was  on  the  course.  Dining  this  period  about  8  complete  sets  could 
be  made  by  a  skillful  observer,  using  two  magnets,  in  all  positions,  embracing  32  inde- 
pendent settings.  In  general  this  interval  of  time  proved  sufficient  to  justify  treating  as 
accidental  the  errors  due  to  shif  tings  of  course,  and  hence  of  lubber-line,  diuing  settings,  so 
that  the  mean  of  all  readings  yielded  a  satisfactory  result.  Or  still  better,  if  a  second 
person  was  available,  as  was  usually  the  case,  who  could  record  for  the  observer,  he  placed 
himself  at  the  standard  compass  and  called  out  when  ship  was  on  the  course,  whereupon 
the  observer  quickly  made  his  setting,  having  previously  made  an  approximate  setting. 
Owing  to  the  damping  effect  of  the  liquid  in  ^e  compass,  as  noted  above,  a  set  of  four 
readings,  from  which  an  approximate  value  of  H  could  be  derived,  would  be  made  even 
on  board  ship  under  trying  conditions  of  sea,  within  about  8  or  10  minutes.  A  method 
more  generally  employed  was  to  take  simultaneous  readings  of  the  ship's  head  with  the 
standard,  or  other  spare  compass,  close  by,  and  then  apply  the  necessary  corrections  to  the 
observed  deflection-angles.  Thus  the  agreement  in  the  individual  sets  was  improved, 
though  the  final  result  was  practically  the  same  as  by  the  first  method. 

As  is  seen  from  the  above  description,  the  deflecting  attachment  was  so  designed  that  it 
could  readily  be  mounted  on  a  compass  for  obtaining  the  required  horizontal-intensity 
observations,  and  readily  dismounted  when  it  was  desired  to  make  declination  observations 
with  the  same  compass,  or  to  use  the  latter  in  navigating  the  vessel.  Thus,  in  an  instant, 
the  same  instrument  used  for  navigation  purposes,  or  for  getting  the  magnetic  declination, 
could  be  converted  into  a  horizontal-intensity  instrument,  and  the  design  of  not  multi- 
plying instruments  unduly  was  carried  out. 

Deflector  2. — ^When  on  her  third  cruise  the  Galilee  reached  Sitka,  Alaska,  it  was  possible, 
on  July  31, 1907,  to  replace  experimental  deflector  1  by  a  somewhat  improved  instrument, 
No.  2.  For  this  new  deflector  a  standard  Ritchie  azimuth  circle,  with  sighting  bows  added, 
served  as  framework  for  carrying  the  deflecting  magnet.  (See  Plate  5,  Figs.  2-4.)  A 
standard  Ritchie  U.  S.  Navy  liquid  compass  (No.  33566)  took  the  place  of  the  Negus 
compass  used  in  deflector  1.  The  mounting  and  encasing  of  the  deflecting  magnet  were  also 
improved.  Values  of  the  horizontal  intensity  and  magnetic  declination  were  again  obtained. 
No.  2  was  in  use  during  the  balance  of  the  Galilee's  work,  which  closed  in  May  1908. 

Both  deflectors  1  and  2  were  of  the  type  designated  A ,  namely,  that  in  which  the  sup- 
ports for  the  deflecting  magnet  were  carried  by  a  framework  rotating  on  the  compass  bowl, 
and  the  deflection-angles  were  read  directly  on  the  card  graduation.  The  improved  type  B 
was  introduced  in  the  Carnegie  work.  In  this  type  of  deflector  the  supports  of  the  deflecting 
magnet  form  a  permanent  attachment  to  the  compass  bowl,  the  bowl  itself  being  rotated 
when  settings  are  made,  and  the  angles  being  read  by  vernier  on  a  graduation  cut  on  the 
edge  of  the  bowl.    For  the  description  of  this  type,  see  pages  190-194. 

MOUNTING  OF  MAGNETIC  INSTRUMENTS  ON  THE  GALILEE. 

Cruise  I,  August  to  Dscbmber  1905. 

Figure  1,  Plan  A,  shows  the  arrangement  and  spacing  of  the  instruments  as  mounted 
on  the  observing-bridge  for  use  during  the  experimental  work  from  San  Francisco  to  San 
Diego,  California,  August  2  to  23,  1905.  (See  also  Plate  1,  Fig.  1.)  The  position  of  the 
center  of  the  sea  dip-circle  was  unaltered  tiu-oughout  the  tiiree  cruises  of  the  Galilee;  it 
serves,  therefore,  as  the  initial  point  of  distance-reference  for  the  various  instnunents. 

Sea  dip-circle  169  (D.  C.  169),  with  which  the  magnetic  inclination  and  the  total  inten- 
sity were  determined,  was  mounted  on  the  heavy,  regular,  cast-brass  Dover  stand  with 
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18  inches  of  the  foremast.  This  made  possible  the  arrangement  and  spacing  of  the  4  instru- 
ments (sea  dip-circle,  standard  Ritchie  liquid  compass,  sea  deflector,  and  Kelvin  conipass) 
used  for  Cruises  II  and  III.  (See  Fig.  1,  Plan  C.)  The  inventory  of  instruments  (pp. 
29-32)  will  show  what  particular  instrument  of  each  type  was  in  use  during  the  various 
portions  of  these  cruises.    For  view  of  observing-bridge,  see  Plate  2,  Figure  1. 

LAND  MAGNETIC  INSTRUMENTS. 

At  practically  every  port  visited,  as  already  explained  on  page  15,  the  ship  magnetic 
instruments  were  compared  with  a  magnetometer  and  a  land  dip-circle  or  an  earth  inductor. 
Before  and  after  each  cruise,  or  whenever  returned  to  the  Office,  the  land  instruments 
carried  by  the  vessel  were  always  standardized  at  Washington  by  direct  comparisons  with 
the  standards  adopted  for  the  reduction  of  all  results  to  a  common  basis;  those  standards, 
designated  as  ^'C.  I.  W.  Standards"  (see  p.  77),  are  the  same  as  given  in  Volumes  I 
(p.  42)  and  II  (p.  16).  In  order  to  supplement  tlie  direct  comparisons  and  to  control  any 
possible  changes  in  the  constants,  additional  checks  were  secured,  whenever  opportunity 
offered  at  ports  visited,  by  comparisons  with  reserve  land  instruments  carried  by  the  vessel, 
or  with  instruments  in  use  by  observers  of  the  Department  of  Terrestrial  Magnetism  engaged 
in  other  field  work.  The  specific  land  and  ship  instruments  will  be  found  mentioned  in  the 
inventory  on  pages  28-32.  The  types  of  land  instruments  used  are  fully  described  and 
illustrated  in  Volumes  I  (pp.  2-11)  and  II  (pp.  5-15) ;  the  types  of  ship  instruments  used  are 
described  and  illustrated  on  pages  17-26. 

INSTRUMENTAL  OUTFIT  FOR  THE  GALILEE  WORK. 

CRUISE  I,  AUGUST  TO  DECEMBER  1905. 
Magnetic  Instruments. 

I.  For  magnetic  declination  at  sea. — (1)  Ritchie  liquid  compass  29971,  provided  with 
azimuth  circle  387-III  and  brass  bimiacle  316  for  use  on  board  ship  and  tripod  for  use  on 
shore,  all  by  E.  S.  Ritchie  and  Sons;  (2)  Negus  liquid  compass  31974  (manufactured  by 
E.  S.  Ritchie  and  Sons) ,  provided  with  a  Negus  azimuth  circle  and  a  wooden  binnacle  for  use 
on  board  ship  (the  tripod  for  29971  was  used  for  shore  work  with  31974) ;  (3)  Kelvin  dry 
compass  (card  20,  Pat.  8050)  and  bowl  (13,  Pat.  5892),  provided  with  extra  card  (Pat. 
15625),  extra  pivot  and  bearing,  and  Kelvin  azimuth  instrument  3619,  by  the  Kelvin  and 
James  White  Company,  mounted  on  board  ship  in  a  wooden  binnacle  supplied  by  T.  S. 
and  J.  D.  Negus.  The  designations  adopted,  respectively,  for  the  3  compasses  vrilli  their 
appurtenances  are:  RIA,  Dl,  and  K. 

II.  For  magnetic  inclination  and  total  intensity  at  sea. — Sea  dip-circle  169,  with  dip 
needles  1  and  2  and  intensity  needles  3  and  4,  provided  with  brass  gimbal-stand  169  for  use 
on  board  ship  and  tripod  for  use  on  shore,  all  by  A.  W.  Dover.  The  designation  adopted 
for  the  dip  circle  is  169,  followed  by  the  numbers  of  dip  needles  in  Roman  type  and  of  inten- 
sity needles  in  italicized  type,  thus:  169.12,  169.1S4,  169.S4,  etc.  For  cases  when  the 
intensity  results  are  from  both  deflection  and  loaded-dip  observations  the  designation 
of  the  intensity  needles  is  followed  by  a  dagger  (f),  thus:  169.S4t- 

III.  For  horizontal  intensity  at  sea. — Sea  deflector  1,  designed  and  constructed  by  the 
Department  of  Terrestrial  Magnetism,  consisting  of  special  attachments  and  mountings 
for  the  Negus  azimuth  circle  used  on  Negus  liquid  compass  31974  and  provided  with  deflect- 
ing magnets  45  and  NL.    The  designation  adopted  for  the  deflector  and  compass  is  Dl. 

IV.  For  magnetic  declination  and  horizontal  irUensity  on  land. — Magnetometer  36, 
complete  with  tripod,  deflection  bar,  and  appurtenances,  by  T.  Cooke  and  Sons,  and  sup- 
plemented with  theodolite  5464  and  tripod  for  astronomical  observations  on  shore,  all 
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XI.  For  magnetic  inclination  and  total  intensity  at  9ea. — Sea  dip-circle  35,  loaned  by  the 
United  States  Coast  and  Geodetic  Survey,  with  dip  needles  2  and  5  (5  being  from  circle 
163),  intensity  needles^  3  and  4,  8  of  circle  163,  and  4  of  circle  169,  provided  with  brass 
gimbal-stand  169  for  use  on  board  ship  and  tripod  169  for  use  on  shore;  this  dip  circle  with 
its  appurtenances  was  originally  made  by  A.  W.  Dover,  but  prior  to  its  assignment  to  the 
Galilee  early  in  1906,  it  was  extensively  modified  and  improved  in  the  instrument  shop 
of  the  United  States  Coast  and  Geodetic  Survey  (see  pp.  21-23) .  The  designations  adopted 
for  dip-circle  35  are:  35.2(5)54,  35.2(5)5(5),  35.2(5)5(4) i  etc.  The  numbers  m  parentheses 
refer  to  needles  not  belonging  to  dip  circle  35,  and  the  italicized  numbers  refer  to  intensity 
needles ;  for  cases  when  both  deflection  and  loaded-dip  observations  were  made,  the  desig- 
nation for  the  intensity  needle  is  followed  by  a  dagger  (f),  thus,  35.2(5)5(4) t- 

XII.  For  horizontal  intensity  ai  sea. — Sea  deflector  1  same  as  for  Cruise  I.  The  desig- 
nation adopted  for  the  deflector  and  compass  is  the  same  as  before,  viz,  Dl. 

XIII.  For  magnetic  declination  and  horizontal  intensity  on  land. — (1)  Magnetometer 
36,^  same  as  for  Cruise  I ;  (2)  magnetometer  30,  complete,  with  tripod,  deflection  bar,  and 
appurtenances,  by  T.  Cooke  and  Sons,  loaned  by  the  United  States  Coast  and  Geodetic 
Survey,  used  at  one  station  only.  The  designations  adopted,  respectively,  for  the  magnet- 
ometers are  36  and  30.  (3)  Theodolite  3578  with  tripod,  by  C.  L.  Berger  and  Sons  and 
loaned  by  W.  J.  Peters,  was  used  for  auxiliary  observations  at  shore  stations. 

XIV.  For  magnetic  inclination  on  land. — (1)  Land  dip-circle  171,  provided  with  dip 
needles  1  and  2,  intensity  needles  3  and  4,  and  tripod,  all  by  A.  W.  Dover,  was  used  until 
May  1906;  (2)  land  dip-circle  178,  provided  with  dip  needles  1,  2,  5,  and  6,  intensity-needle 
pairs  3  and  4,  and  7  and  8,  compass  attachment,  and  tripod  by  A.  W.  Dover,  used  throughout 
the  cruise.  The  designations  adopted,  respectively,  for  the  two  dip  circles  are  171.12,  and 
178.1256  (the  intensity  needles  were  not  used).  (3)  Land  dip-circle  4655  with  dip  needles 
3  and  4  by  Casella,  loaned  by  the  United  States  Coast  and  Geodetic  Survey,  was  used  at  one 
station  only;  the  designation  adopted  for  this  dip  circle  is  4655.34.  (4)  Sea  dip-circle  35 
with  compass  attachment  was  also  used  for  shore  observations  (a  few  shore  observations 
were  made  with  needle  1,  which  was  returned  to  the  Office  for  repairs  just  before  the 
Galilee  sailed) .  (5)  Sea  dip-circle  169  with  its  needles  and  compass  attachment  as  for  Cruise 
I  was  also  used  for  a  few  observations  made  prior  to  the  sailing  of  the  Galilee,  after  which 
169  was  returned  to  the  maker  for  extensive  alterations  and  remodeling  in  accordance 
with  the  specifications  of  the  Department  of  Terrestrial  Magnetism. 

Sextants,  Chronometers,  and  Watches. 

XV.  Sextants.— {!)  No.  2611  and  2617  by  Ponthus  and  Therrode;  (2)  No.  3265  by 
C  Plath;  (3)  unnumbered  sextant  by  L.  Weule. 

XVI.  Chronometers  and  watches. — (1)  Marine  chronometers  264  by  A.  Kittel,  1809 
by  T.  S.  and  J.  D.  Negus  and  loaned  by  W.  J.  Peters,  53157  by  E.  Dent  and  Company, 
53862  by  E.  Dent  and  Company,  with  ship  and  gimbal  cases;  (2)  pocket  chronometer 
244  by  A.  Kittel  for  shore  use;  (3)  deck  watch  54672  by  E.  Dent  and  Company. 

Meteorological  Instruments  and  Miscellaneous  Equipment. 

XVII.  Meteorological  instruments. — Same  as  for  Cruise  I,  with  the  addition  of  mini- 
mimi  thermometer,  Fahrenheit  scale,  4948  by  H.  J.  Green. 

XVIII.  Miscellaneov^  equipment. — Same  as  for  Cruise  I. 

^Needle  4  of  35  was  broken  on  Feburary  16,  1906,  and  was  replaced  by  needle  8  of  163;  because  of  erratic  results, 
this  latter  needle  was  replaced  by  needle  4  of  169  on  August  23.  1906.  and  used  with  needle  3  of  35  for  the  intensity  oberva- 
tions  during  the  remainder  of  the  cruise. 

'Magnetometer  36  was  slightly  damaged  by  the  accident  to  the  OalUee  on  August  24.  1906. 
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and  tripod  178,  all  by  A.  W.  Dover;  (2)  land  dip-circle  171  from  March  9  to  May  24, 1907, 
provided  with  dip  needles  1  and  2,  5  of  circle  172,  and  6  of  circle  172,  intensity-needle  pair 
3  and  4,  compass  attachment,  and  tripod,  all  by  A.  W.  Dover.  The  designations  adopted, 
respectively,  for  the  2  dip-circles  are  178.1256  and  171.12  (the  intensity  needles  and  extra 
dip  needles  were  not  used) ;  (3)  sea  dip-circles  35, 169,  and  189,  with  their  needles  and  com- 
pass attachments,  were  used  also  for  shore  observations. 

Atmospheric-Electric  Instruments. 

XXIV.  Instruments  for  observations  in  atmospheric  electricity  beginning  Augttst  4, 
1907. — (1)  CJonductivity  apparatus  1,  complete  with  accessories,  Gerdien's  design,  by 
Spindler  and  Hoyer;  (2)  dispersion  apparatus  1394,  Elster  and  Geitel's  design  by  Gunther 
and  T^etmeyer,  complete  with  electroscope  1417,  dry-pile  1408,  and  accessories;  (3)  ion 
coimter  1455,  Ebert's  design,  by  Giinther  and  Tegetmeyer,  complete  with  electroscope  1443, 
dry-pile  1410,  and  accessories;  (4)  potential -gradient  apparatus  consisting  of  electroscope 
987,  Exner's  design,  with  flame  collector,  Elster  and  Geitel's  design,  and  accessories,  by 
Gunther  and  Tegetmeyer;  (5)  radioactivity  apparatus  1432  for  soil  and  water,  Elster 
and  Geitel's  design,  complete  with  electroscope  1416,  and  accessories  by  GQnther  and 
T^etmeyer;  (6)  radioactivity  apparatus  for  air,  including  electroscope  1437,  dry-pile 
1449,  and  accessories  by  Gtinther  and  Tegetmeyer;  (7)  voltmeter  4381  model  45  by  the 
Weston  Electrical  Instrument  Company;  (8)  miscellaneous  equipment,  including  induction 
coil  with  condenser,  insulators,  tripod,  brass  gimbal  stand  2,  etc. 

Sextants,  CHRONOiiETERS,  Watches,  and  Dip-of-Horkon  Measurer. 

XXV.  Sextants.— (1)  Nos.  2575,  2611,  and  2617  by  Ponthus  and  Therrode;  (2)  Nos. 
10756  and  10759  by  the  Keuflfel  and  Esser  Company;  (3)  No.  3265  by  C.  Plath;  (4)  unnum- 
bered sextant  by  L.  Weule;  (5)  gyroscopic  collimator  and  octant  2679  complete  with  acces- 
sories, by  Ponthus  and  Therrode,  from  March  7,  1907. 

XXVI.  Chronometers  and  watches. — (1)  Marine  chronometers  254  by  A.  Kittel,  264 
by  A.  Kittel,  1809  by  T.  S.  and  J.  D.  Negus,  loaned  by  W.  J.  Peters,  2761  by  G.  E.  Wilkins, 
53157  by  E.  Dent  and  Company,  53862  by  E.  Dent  and  Company,  with  ship  and  gimbal 
cases;  (2)  pocket  chronometers  231  by  A.  Kittel  from  March  9  to  May  24, 1907, 241  by  A. 
Kittel  from  September  6,  1907,  244  by  A.  Kittel,  253  by  A.  Kittel  to  August  7,  1907,  for 
shore  use;  (3)  watches  2  by  the  Hamilton  Watch  Company,  3  by  the  Hamilton  Watch 
Company  from  March  9  to  May  24, 1907,  and  deck  watch  54672  by  E.  Dent  and  Company. 

XXVII.  Dijhof-horizon  measurer. — Dip  measurer  4048,  model  A,  by  Carl  Zeiss,  from 
March  11,  1907. 

Meteorological  Instruments  and  Miscellaneous  Equipment. 

XXVIII.  Meteorological  instruments. — Same  as  for  Cruises  I  and  II,  with  the  addition 
of  the  following:  (1)  Marine  mercury  barometer  3948,  English  scale,  by  H.  J.  Green; 
(2)  Marvin  sling  psychrometer,  centigrade  scale,  thermometers  8186  and  8189  by  H.  J. 
Green  (broken  during  cruise) ;  (3)  thermograph  39804  by  Richard  Fr6res,  to  August  2, 1907; 
(4)  thermograph  40418  was  returned  for  repairs  on  July  30,  1907,  and  was  replaced  by 
thermograph  46032  by  Richard  Fr&res  on  August  31,  1907;  (5)  6-inch  thermometers, 
centigrade  scale,  4823,  8828,  8835,  8837,  8840,  all  by  H.  J.  Green. 

XXIX.  Miscellaneous  equipment. — Same  as  for  Cruises  I  and  II,  with  the  addition  of 
the  following:  (1)  Artificial  horizon,  by  L.  Weule;  (2)  three-arm  protractor  10031,  by  the 
Keuffd  and  Esser  Company;  (3)  stereoscopic  glasses,  by  Ponthus  and  Therrode;  (4)  special 
non-magnetic  wall  tents,  9  feet  by  9  feet,  for  shore  work. 
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GENERAL  PROPERTY  A^4D  SUPPLIES. 

Besides  the  instrumental  equipment  listed  on  pages  28-32,  the  general  property  and 
supplies  aboard  the  Galilee,  1905-1908,  were  about  as  follows: 

I.  Navigation  charts,  maps,  and  atlases  of  various  kinds. 

II.  Library  of  books  on  astronomy,  navigation,  mathematics,  magnetism  (general  and  terres- 
trial), general  physics,  atmospheric  electricity,  general  chemistry,  meteorology ,  geogra- 
phy, geology,  biology,  sailing  ships  (sails  and  saol-making,  etc.),  encyclopedias,  diction- 
aries, and  general  Uterature. 

III.  Medical  books  and  supplies. 

IV.  Miscellaneous  appurtenances. 

SPECIMENS  OF  OBSERVATIONS  AND  OF  COMPUTATIONS. 

Reference  has  already  been  made,  page  16,  to  the  various  forms  devised  for  recording 
and  computing  the  observations  made  aboard  the  Galilee.  The  specimens  given  in  this  sec- 
tion will  serve  to  show  the  utility  of  these  forms,  and  at  the  same  time  help  to  make  clear 
the  methods  of  observation  and  of  computation.  The  specimens  are  confined  to  ship  work. 
Those  illustrating  land  work  will  be  found  in  Volume  I,  pages  30-41. 

MACiNETIC  OBSERVATIONS  DURING  SWING  OF  VESSEL 

First  are  given  specimens  of  magnetic  observations  obtained  during  one  of  the 
GalHee^s  last  swings  at  San  Francisco,  May  25, 1908.  The  swing  was  made  with  the  aid  of 
the  tug  Liberty,  which  came  alongside  about  4^  30°*  a.  m.  and  towed  the  Galilee  to  the  north 
of  Goat  Island,  in  about  10  to  27  feet  of  water,  practically  in  the  same  place  where  the  swings 
were  made  when  the  vessel  set  out  on  her  work  in  August  1905.  The  position  was  verified 
from  time  to  time  by  sextant  angles  to  prominent  objects.  The  swing  was  on  8  equidistant 
headings,  both  helms,  first  port  and  then  starboard,  the  tug  towing  ahead  with  about  60 
fathoms  of  line  out.    Conditions  of  sea  and  weather  were  good  throughout. 

A  swing  (both  helms)  had  been  made  two  days  previously  (May  23)  and  another 
was  made  on  May  28.  On  May  23  the  tug  did  not  come  alongside  the  vessel  until  7  a.  m., 
so  that  by  the  time  the  swings  were  made  the  trigonometric  conditions  were  not  favorable 
for  observations  of  the  magnetic  declination.  Also  it  was  discovered  that  sea  dip-circle 
189  had  been  out  of  level  during  the  first  half  of  the  swing  on  that  day.  Accordingly,  a 
third  swing  was  made  on  May  28,  the  tug  coming  alongside  at  sunrise.  The  specimen 
inclination  observations  (p.  44)  are  taken  from  the  swing  of  May  28,  1908.  The  swing  on 
May  25  b^an  with  port  helm,  heading  west,  and  was,  accordingly,  made  in  the  order: 
W,  NW,  N,  NE,  E,  SE,  S,  SW.  The  vessel  was  next  swung  with  starboard  hehn  as  follows: 
E,  NE,  N,  NW,  W,  SW,  S,  SE. 

Declination  Observations,  San  Fbancisco  Bay,  May  25,  1908. 

Page  34  contains  the  magnetic-declination  observations  (Form  21)  made  aboard  the 
Galilee  in  San  Francisco  Bay  on  May  25,  1908,  a.  m.,  during  the  first  half  of  the  port-helm 
swing,  using  the  standard  Ritchie  compass  R3C  (see  p.  31)  and  employing  first  the  prism 
method  and,  next,  the  alidade  method. 

The  details  are  sufficiently  clear  from  the  headings  and  adjacent  designations  to 
require  no  further  explanation.  It  will  be  seen  that  on  each  heading  there  were  5  settings 
made  on  the  Sim,  using  the  prism,  next  5  settings,  using  the  alidade;  the  average  time  for 
5  settings  was  about  25  seconds,  the  10  settings  requiring  about  1  minute.  Whether 
the  prism  or  alidade  was  used  first  depended  somewhat  upon  the  brightness  of  Sim. 

On  page  35  is  found  a  specimen  ''Computation  of  Ocean  Declination  Observations'' 
(Form  22).    Before  entering  on  Form  22,  the  data  from  Form  21,  instrumental  oorrectionSi 
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dependent  on  card-graduation  errors  and  Sun's  altitude,  are  applied  to  the  mean  settings, 
both  for  prism  and  alidade,  as  explained  on  page  62.  Thus  for  heading  west,  the  mean 
observed  setting  by  prism  is  N  50?26  E ;  the  value  after  implying  the  instrumental  correc- 
tion (+0?33)  is  N  50?59  E.  Similarly,  the  mean  observed  setting  by  alidade  is  N  50?68E; 
the  corrected  setting  is  N  50?79  E.  Accordingly,  the  mean  corrected  setting  for  prism  and 
alidade  is,  N  50?69  E,  which  is  finally  the  quantity  entered  on  Form  22,  opposite  the  mean 
local  apparent  time:  i  (2"»  12-14!6  +  2*  12"  48»0)  +3^  16"  20-  =  tf*  28-  51-.  In  this  way 
are  filled  out  the  columns:  "Local  Apparent  Time,"  and  "Sim  by  Compass." 


Magnetic  Observaiiana  on  8w 

(Form  21) 


SUUum:  San  Frmadfloo  Bay 
DaU:  May  25, 1908,  A.  M. 
Compaas:  RHdiie  29499  (R3C) 
Weather:  b 
^lea:  8 


Lot:  37'  51'  N 
Vend:  Galilee 
Oba'r:  W.  J.  P. 
Wind:  0 
BoU:(y 


Lang:  122*  23'  W 
Cam'd'r:  W.  J.  P. 
Betfd^r:  D.  C.  8. 
Temp:  13*  C. 
Hdm:  Port 


Ship's 
Head 

Prism  Metiiod 

Alidade  Method 

Time  by 
Chron.  241 

Son  by 
St.  Gomp. 

Time  by 
Chron.  241 

Sun  by 
St.  Comp. 

Remarks 

w 

Means 

h    m     9 
2    12    05 
11 
15 
18 
24 

o 

N50.3E 
50.2 
50.3 
50.2 
50.3 

h    m     9 
2    12    36 
44 
49 
53 
58 

o 

N51.0E 
50.5 
50.5 
50.6 
50.8 

MagneHe  arUdu  remoeed:  Yes 
Ship  swung  by:  Tug 

2    12    14.6 

N50.26E 

2    12    48.0 

N50.68E 

nw 

Means 

2    20    43 

59 

21    06 

17 

21 

N51.5E 
52.0 
52.0 
51.7 
51.7 

2    21    32 
37 
43 
47 
51 

N51.8E 
52.0 
52.2 
62.2 
62.2 

CHBONOUTBB  OOMPARISOIIB 

2    21    06.2 

N51.78E 

2    21    42.0 

N  52.06  E 

N 
Means 

2    27    46 

50 

54 

57 

28    00 

N52.7E 
52.8 
52.8 
52.9 
52.9 

2    28    14 
22 
40 
46 
50 

N53.2E 
53.0 
53.4 
53.3 
53.2 

Befwe 

After 

Chron.  D53157 

Corr'nonG.M.T. 

G.  M.  T. 

E. 

G.  A.  T. 

Long. 

L.  A.  T. 

Chron.  241 

241  on  L.  A.  T. 
Mean 

A   fit    t 

13  23  30 

-      17  21 

13  06  09 

+      03  18 

13  09  27 

8  09  32 

4  59  55 

1  43  35 

h  m  9 

16  18  20 

-      17  21 

16  00  59 

+      03  18 

16  04  17 

8  09  32 

7  54  45 

4  38  26 

2    27    53.4 

N52.82E 

2    28    84.4 

N53.22E 

NE 
Means 

2    38    57 

39    03 

04 

18 

24 

N54.0E 
54.2 
54.6 
54.6 
54.5 

2    37    18 

38    10 

15 

33 

45 

N54.8E 
54.3 
54.2 
54.5 
54.3 

+  3  16  20 
+  3  16  20 

+  3  16  19 

2    39    09.2 

N54.38E 

2    38    12.2 

N54.42E 

Knowing  the  latitude  of  the  place  of  observation  and  the  local  apparent  time,  the 
entries  in  the  next  column,  ''Sun's  Azimuth,"  are  computed  with  the  aid  of  a  convenientiy 
arranged  abstract  from  published  azimuth  tables,  e.  g.,  those  of  the  United  States  Hydro- 
graphic  Office. 

The  observed  magnetic  declination,  entered  in  the  fifth  column,  is  obtained  by  sub- 
tracting the  Sun's  magnetic  azimuth  (''Sim  by  Compass")  from  the  true  or  computed  azi- 
muth. The  +  sign  means  that  the  magnetic  declination  is  east  of  north.  The  values  in 
this  column  are  affected  by  the  ship's  magnetism,  the  correction  of  which  varies  from  head- 
ing to  heading.    The  mean  value  of  the  8  equidistant  headings,  + 17?96,  is  free  from  the 
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Analysis  of  DedinaHan  Devxatians 

(Form  28) 


SiaUon:  San  Frandsoo  Bay 
DaU:  May  25,  1908,  A.  M. 
Cmjnu:  Ritchie  29499  (R3C) 
MetAod:  Prism  and  Alidade 
.Sea:  S  Weather:  b 


Lot:  ZV  61'  N 
Vusd:  Galilee 
06«V:  W.  J.  P. 
Wind:  0 
RoM:  0' 


Lona:  122*  28'  W 
Cwifd^r:  W.  J.  P. 
Comp'r:  J.  P.  A. 
Rtviter:  H.  W.  F. 
Ifelm:  Both 


• 

Ship's 
Head 

I.  Observed  Deviation' 

III.  Computation  of  Deviation'  and  of  Probable  Eiror 

Port 

Starb. 

Mean 

B«sin  t 

c^oosr 

D4sin2r 

B4  00s2r 

Comp'd 
Dev'n' 

(O-O 

i* 

1 

X 
NE 

E 
HE 

6 

BW 
1      W 
NW 

Sums 

• 

-.22 
-.12 
-.20 
-.20 

+  .26 
+  .48 
+  .08 
-.10 

0 

-.26 
-.14 
-.22 
-.09 

+  .22 
+  .42 
+  .16 
-.11 

e 

-.24 
-.13 
-.21 
-.14 
+  .24 
+  .45 
+  .12 
-.10 

9 

.00 
-.13 
-.19 
-.13 

.00 
+  .13 
+  .19 
+  .13 

e 

-.22 

-.16 

.00 

+  .16 

+  .22 

+  .16 

.00 

-.16 

0 

.00 
+  .14 

.00 
-.14 

.00 
+  .14 

.00 
-.14 

e 

+  .02 

.00 
-.02 

.00 
+  .02 

.00 
-.02 

.00 

0 

-.20 
-.16 
-.21 
-.11 

+  .24 
+  .43 
+  .17 
-.17 

0 

-.04 
+  .02 

.00 
-.03 

.00 
+  .02 
-.06 
+  .07 

.0016 
04 
00 
00 
00 
04 
26 
49 

-.02 

-.03 

-.01 

.00 

.00 

.00 

.00 

.00 

-.01 

.0107 

II.  Computation  of  Deviation-Coeffioients 

No. 

& 

(2) 
Dev'n' 

Head 

(4) 
Dev'n' 

(6) 
(2) +(4) 

(6) 
(2) -(4) 

Comp'n  B4 

Comp'nCtf 

(7) 

(6)X(7) 

(8) 

(6)X(8) 

a 
b 
e 
d 

N 
NE 

E 
8E 

e 

-.24 
-.13 
-.21 
-.14 

S 

8W 
W 

NW 

0 

+  .24 
+  .46 
+  .12 
-.10 

0 

.00 
+  .32 
-.09 
-.24 

0 

-.48 
-.68 
-.33 
-.04 

0.000 
0.707 
1.000 
0.707 

.00 
-.41 
-.33 
-.03 

1.000 

0.707 

0.000 

-.707 

e 

-.48 

-.41 

.00 

+  .03 

Operation 

From 
(5) 

Comp'n  D4 

Comp'n  Eg 

*a 

-.77 
-.19 

"A 

-.86 
-.22 

(10) 

(9)x(10) 

(11) 

(9)x(ll) 

4Dtf 
D4 

+  .66 
+  .14 

4^4 
E4 

+  .09 
+  .02 

a— c 
b-d 

0 

+  .09 
+  .66 

0.000 
1.000 

e 

.00 
+  .66 

1.000 
0.000 

e 

+  .09 
.00 

FOSIIULJE 

Deviation  —  Aj  -  Deviation'  -  B4  sin  f  +  C^  ooe  {*  +  D^  sin  2  f  +  i?^  cos  2  f 

Probable  error  of  Deviation'  of  single  heading,  r  —  *  0.6745^  /^ 

^n-4 

In  case  of  8  headings  n-8;  hence  r  -  -^  0.337 V^^  -  *  0?03 

'Without  A4. 

Horizontal-Intensity  Observations,  San  Francisco  Bay,  May  25,  1908. 

Form  24,  page  37,  gives  a  specimen  set  of  horizontal-intensity  observations  made 
with  sea  deflector  2  (D2),  during  the  swing  in  San  Francisco  Bay,  May  25,  1908.  On  the 
port-helm  swing,  deflecting  magnet  45,  short  deflecting-distance,  was  used,  whereas  on  the 
starboard-helm  swing,  deflecting  magnet  2L,  short  deflecting-distance,  was  used.  To  show 
the  method,  it  will  suffice  to  give  the  observations  made  on  the  first  half  of  the  port-helm 
swing,  headings  W,  NW,  N,  NE.  The  headings  of  the  columns  and  the  adjacent  desig- 
nations will,  in  general,  give  the  requisite  explanations. 

The  first  column  contains  the  magnetic  course  or  ship's  heading,  as  shown  by  the  stand- 
ard compass.     In  the  second  and  third  columns  are  entered,  respectively,  the  time  and 
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temperature  at  the  begiiming  and  at  the  end  of  the  set  of  readings  on  that  headmg.  The 
following  5  columns  give  number  of  magnet,  deflecting  distance  used,  which  letter,  A  or  B, 
on  case  containing  deflecting  magnet  is  turned  towards  observer  (O),  whether  prism  is  south 
or  north,  and  finally  whether  north  end  of  magnet  is  east  or  west.    Th^i  follows  the  column 


Magnetic  Observations  an  Swing:  HaritanUd  InieneUy 

(FonnM) 


{H) 


StaUcn:  San  Francisco  Bay 
Date:  May  25, 1908,  A.  M. 
InttrumerU:  Sea  D^'r  2  (D2) 
Weather:  b 
Sea:  8 


Lai:  ZV  51'  N 
Veeed:  GalOee 
Ober:  D.  C.  8. 
Wind:  0 
R6U:  0* 


Long:  122*  23'  W 
Com'd^r:  W.  J.  P. 
Rddd^r:  W.  J.  P. 
Temp:  13*  C. 
Udm:  Port 


Course  by 
St.  Comp. 

Timeby 
241 

Temp. 
C. 

Mag. 
net 

Dis- 
tance 

Let- 
ters 

Prism 

N.End 
Magnet 

Lubber- 
Line  Reads 

Means 

Course  by 
I>efl.C. 

2u 

W 
Means 

h    m 
2    13 

o 

14.7 

45 

8 

BO 

8 

E 

o 

N70.1W 
8  70.2 E 
869.8W 
N70.0E 

e 

o 

109.85 

N 

W 

17 

13.7 

69.90 

8  89.88  W 

2    15 

14.2 

2u 

39.95 

NW 
Means 

2    22 

12.6 

45 

8 

BO 

8 

W 

N65.3W 
865. OE 
N25.6W 
825. 3E 

65.15 

N 

E 

25 

12.5 

25.45 

N  45.30  W 

2    24 

12.6 

2tt 

39.70 

N 
Means 

2    29 

12.2 

45 

8 

BO 

8 

E 

N19.4E 
8  19.5  W 
N20.1W 
8  19. BE 

19.45 

N 

w 

32 

12.1 

19.95 

N    0.25  W 

2    30 

12.2 

2ii 

39.40 

NE 
Means 

2    34 

12.7 

45 

8 

BO 

8 

w 

N24.5E 
8  25.0  W 
N64.2E 
864.5W 

24.75 

N 

E 

36 

12.6 

64.35 

N44.55E 

2    35 

12.6 

2ii 

39.60 

Rei 

marks 

Chronometer  D53157 
.    Correction  on  G.  M.  T. 
G.  M.  T. 
Longitude 
L.M.T. 
Chronometer  241 

h     m      9 

13    23    30 

17    21 

13    06    09 

8    09    32 

4    56    37 

1    43    35 

MagnetU 
Swung  by 

arUclesr 

:  Tug 

tmoeed: 

Yes 

Chron. 

241onL.M 

[  T 

+  3    13    02 

"  Lubber-line  reads/'  which  gives  the  two  readings  of  the  forward  and  aft  lubber-lines  on  the 
deflected  compass-card,  for  each  of  two  positions  (for  example,  heading  west:  prism  south, 
north  end  of  magnet  east;  prism  north,  north  end  of  magnet  west).  The  means  of  the  two 
opposite  readings,  for  each  position  of  prism  and  magnet,  are  formed  next,  counting  con- 
tinuously from  south  (0^)  through  west  to  north.  The  difference  of  the  two  means,  e.g., 
heading  west,  109?85— 69?90  =  39?95  is  htnce  the  deflection  angle,  hence,  2u.  The  mean 
value  of  the  two  means,  e.  g.,  heading  west,  S  89?88  W,  is  entered  in  the  last  column,  and 
gives  the  ship's  heading  or  course  by  the  deflector  compass. 

The  procedure  is  similar  for  each  heading,  the  positions  of  prism  and  north  end  of 
deflecting  magnet  being  readily  followed  by  the  letters  in  the  respective  columns. 

Form  25,  page  38,  contains  first  an  abstract  of  the  results  dmved  from  the  preceding 
form  (No.  24).    The  values  of  the  single  deflection-anf^e,  u,  expressed  in  degrees  and  hun- 
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dredths,  are  entered  for  each  heading,  and  the  value  of  the  horizontal  intensity,  IT,  computed 
by  the  formula:  if  ^mC/sin  u.  The  values  of  log  sin  u  may  be  conveniently  looked  up 
in  a  table  in  which  l^e  argument  is  given  to  degrees  and  hundredths,  such  as  Bremiker's 
five-place  table.  The  values  of  log  mCtt  corresponding  to  the  observed  mean  temperature 
on  any  heading,  are  derived  as  explained  in  the  section  giving  instrumental  constants 
(p.  64).  The  mean  value  of  H  from  the  8  equidistant  headings  is  0.2520  c.o.  s.;  the 
corresponding  value  derived  from  the  surrounding  shore  observations,  for  the  same  time, 
is  0.2524;  hence,  the  value  of  Au  in  the  deviation  formula  (p.  39)  is  —0.0004. 


Compuiation  of  HorizafUaJrlrUermiy  0b9ervaHan8  {Swing) 

(Form  25) 


Statum:  San  Frandsoo  Bay 
DaU:  May  25, 190S.  A.  M. 
Irmbrwneni:  Sea  Defl'r  2  (p2) 
Weather:  b  Temp:  13''  C. 

Sea:  8 


Lat:  Zr  5V  N 
Veeeel:  Galilee 
ObiW:  D.  C.  S. 
Wind:  0 
RoQ:  or 


Lang:  122*  23'  W 
Cam'd'r:  W.  J.  P. 
Comp'r:  D.  C.  8. 
Rerieer:  W.  J.  P. 
Heim:  Port 


GOup's 
Head 

L.M«X. 

i  - 

Temp. 

C. 

Mag- 
net 

Dia- 
tanoe 

Let- 
ten 

Deflec- 
tion 
Angle 
tt 

smil 

!» 

■? 

Obs'd 
H 

Deviation 
(without  il  a) 

Corr'd 
H 

Obs'd 

Comp'd 

N 
NE 

£ 
8E 

8 
8W 

W 
NW 

Means 

k    m 
5    43 
5    48 

5  50 

6  25 
6    31 
6    38 
5    28 
5    37 

12.2 
12.6 
12.0 
12.8 
14.2 
15.4 
14.2 
12.6 

45 

8 

BO 

o 

19.70 
.80 
.02 
.85 

.78 
.85 

.85 

9.5278 
299 
324 
309 
294 
309 
336 
309 

8.9324 
323 
324 
322 
320 
317 
320 
323 

9.4046 
.4024 
.4000 
.4013 
.4026 
.4008 
.3984 
.4014 

e.  g.  f . 

.2539 
.2526 
.2512 
.2519 
.2527 
.2517 
.2503 
.2520 

e.  g. «. 

+  .0019 
+        6 

8 

1 
+        7 

3 
-      17 

0 

e.  g.  $. 

+  .0012 

2 

9 

+        6 

+      12 

6 

-      15 

+        2 

e.  g.  s. 

.2531 
32 
25 
17 
19 
27 
22 
22 

6    01 

13.2 

.2520 

.0000 

.0000 

.2524 

H 
H 
H 

nil 

oriicmtal  intei 
orisontal  intei 
enoe,  valiie  of 

ttfity  from  ship  observations 

Qsity  from  shore  observations. . . 

Ah " 

e.  a. «. 

0.2620 

0.2524 

-0.0004 

Formi 

ila:  H  - 

■  mC/m 

**<■  ••• •• 

Subtracting  the  mean  value,  0.2520,  from  the  individual  IT-values,  the  observed 
deviations  (without  Aj)  are  next  derived.  These  quantities  are  then  analyzed  on  Form 
23a  (Analysis  of  Horizontal-Intensity  Deviations,  page  39)  in  a  manner  precisely  similar  to 
that  followed  in  the  analysis  of  declination  deviations,  page  36.  The  unit  used  on  this  form 
is  the  fourth  decimal  c.  g.  s.  The  resulting  deviation-coefficients  in  o.  a.  s.  units  are: 
B^= +  0.0000;  Cj= +  0.0003;  D^« +0.0012;  £^=-0.0004.  With  the  aid  of  these  the 
computed  deviations  (without  Aj^)  are  obtained  in  upper  right-hand  portion  of  the  form, 
and  also  entered  on  Form  25. 

The  computed  deviations  with  A*,  are  applied  in  Form  25,  with  signs  reversed,  to  the 
observed  values  of  H,  and  thus  the  final  or  corrected  values  of  H,  with  deviation  corrections 
applied,  are  derived.  It  will  be  seen  that  while  the  deviated  or  observed  values  of  H  vary 
from  0.2503  to  0.2539,  hence  show  a  range  of  0.0036,  the  undeviated  or  corrected  values 
exhibit  a  range  of  but  0.0015.  This  range  might  have  been  still  further  reduced  had  the 
analysis  of  horizontal-intensity  deviations  been  made  separately  for  each  magnet,  instead 
of  for  the  two  magnets  (45  and  2L)  together.  The  purpose,  here,  is  merely  to  illustrate  the 
method  of  observation  and  of  computation.  These  results  must  be  r^arded  as  satisfactory, 
especially  when  the  time  consumed  in  the  observations  is  considered,  viz,  2  to  4  minutes 
for  a  single  value  of  J7,  and  about  an  hour  for  the  mean  value.  It  is  to  be  noted  that 
these  results  were  obtained  under  ideal  conditions.  Later  we  shall  have  examples  of  obser- 
vations made  under  severer  conditions. 
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Analyns  of  HoriMcntal'IfUermty  DmaHon$ 


StaUon:  San  Fnnaaeo  Bay 
DaU:  May  26, 1908.  A.  M. 
Jn$irumefU:  Sea  D^'r  2  (D2) 
MagneU:  46  and  2L 
5mi:  S  Weather:  b 


(FonaSSa) 

Lai:  37»  61'  N 
FeMet:  Galilee 
CHuW:  D.  C.  8. 
TFtfuf :  0        Temp:  14*  C. 


Long:  122*  23'  W 
Com'd^r:  W.  J.  P. 
Comp^r:  D.  C.  S. 
Baviaer:  J.  P.  A. 
Helm:  Both 


Skip's 
Head 

I.  Observed  Deviation* 

111.  Computation  of  Deviation*  and  of  Probable  E^rror 

Port, 
Mag.  46 

Starb., 
Mag.2L 

Mean 

C»sinr 

B»cosr 

Bumn2t 

i)ft0082r 

Comp'd 
Dev'n* 

(O-O 

^ 

N 
NE 

E 
SE 

S 
8W 

W 
NW 

Sums 

+19 
+  6 

-  8 

-  1 
+  7 

-  3 
-17 

0 

+  4 

-  9 

-  7 
+14 
+14 

-  2 
-19 
+  8 

+12 

-  2 

-  8 
+  6 
+10 

-  2 
-18 
+  4 

0 
+2 
+3 
+2 

0 
-2 
-3 
-2 

0 
0 
0 
0 
0 
0 
0 
0 

0 
-4 

0 
+4 

0 
-4 

0 
+4 

+12 

0 
-12 

0 
+12 

0 
-12 

0 

+12 

-  2 

-  9 
+  6 
+12 

-  6 
-16 
+  2 

0 
0 

+1 

0 
-2 

+4 
-3 
+2 

0 
0 

1 

0 
4 

16 
9 

4 

+  3 

+  3 

+  2 

+2 

34 

II.  Gompittation  of  Deriation-Coeffieients 

No. 

(1) 
Head 

(2) 
Dev'n* 

(3) 
Head 

Dev'n* 

(6) 
(2)+(4) 

(6) 
(2) -(4) 

Comp'n  Ck 

Comp'n  Bi^ 

(7) 

(6)X(7) 

(8) 

(6)X(8) 

a 
b 
c 
d 

N 
NE 

E 
SE 

+12 

-  2 

-  8 
+  6 

S 

SW 
W 

NW 

+10 
-  2 
-18 
+  4 

+22 
-  4 
-26 
+10 

+  2 

0 

+10 

+  2 

0.000 
0.707 
1.000 
0.707 

0 

0 

+10 

+ 1 

1.000 

0.707 

0.000 

-.707 

+  2 
0 
0 

-  1 

Operation 

rrom 

CkMnp'n  J?A 

Cknnp'n  Dji 

•s 

+11 

+  3 

'k 

+  1 
0 

(10) 

(9)x(10) 

(11) 

(9)x(ll) 

'k 

-14 
-  4 

'k 

+48 
+12 

a— c 
b-d 

+48 
-14 

0.000 
1.000 

0 
-14 

1.000 
0.000 

+48 
0 

POBMULJB 

Deviation  -  ii*  -  Deviation*  •CAnnr  +  Bj|Ooer  +  i?jinn2r  +  I>AOO02r 
Probable  error  of  Deviation*  of  single  heading,  r  -  i<k  0.674&^^ 

In  case  of  8  headings  n  •  8;  henoe  r  "  '^  0.337  y/z^"  ''^  2 

*Without  Ak  and  ezpreated  in  units  of  the  fourth 


c.  o.  s. 


Total-Intensity  Obsbbyations,  San  Fbancisco  Bat,  Mat  25,  1008. 

Form  12a,  page  40,  gives  specimen  total-intensity  observations  with  sea  dip-circle  189 
by  the  deflection  method,  made  on  headings  N  and  NE  during  the  port-helm  swing  in  San 
Francisco  Bay,  May  25,  1908.  The  intensity  needles  used  were  Nos.  3  and  4.  The  form 
is  doubtless  sdf-explanatory,  the  method  of  observation  being,  in  general,  the  same  as  for 
land  work.  (See  Volume  I,  pp.  17,  18,  24,  29,  30,  39.)  Here,  however,  the  readings  on 
the  ends  of  the  suspended  needle  are  recorded  not  to  minutes  of  arc,  but  to  the  nearest  half 
or  quarter  degree.  It  will  be  observed  that  4  readings  are  made  on  each  end  of  the 
needle,  for  each  position  of  circle  and  needle.    All  operations  are  carried  out  on 
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each  headingi  the  32  readings  taking,  on  the  average,  3  to  5  minutes.  The  time  and  tem- 
perature are  recorded,  in  the  lower  part  of  the  form,  at  the  beginning  and  ending  of  the 
observations  on  each  heading. 


Magnetic  Obiervatians  on  Swing:  ToUd  IrUeneity  (F) 

(Form  12o) 


SiaUon:  San  Ftmndaoo  Bay 
Date:  May  26, 1906,  A.  M. 
Dip  CircU:  No.  189 


Chranamder  H.  W. 

Needle:  No.  3  stispended;  No.  4  deflecting 

Dietanoe:  Long 


Ob^r:  P.  H.  D. 
Re^d*r:  G.  P. 


End  of  Bospeoded  needle  marked  A  north.    Ship's  Head:  N. 

CirdeEaat 

Circle  West 

Needle  Face  East 

Needle  Face  West 

Micro.  Direct 

Micro.  Reversed 

Micro.  Reversed 

Micro.  Direct 

s 

N 

S 

N 

S 

N 

S 

N 

e 

217.0 
18.6 
16.0 
20.6 

o 

37.0 
39.0 
37.6 
38.6 

0 

266.0 
68.6 
66.0 
68.0 

0 

86.6 
88.0 
86.0 
87.6 

e 

272.0 
74.0 
72.0 
76.0 

o 

92.6 
94.0 
92.6 
93.6 

o 

320.6 
23.0 
20.0 
22.6 

0 

141.0 
42.6 
41.0 
42.0 

218.0 

38.0 

266.6 

86.6 

273.3 

93.1 

321.6 

141.6 

e 

.    38.00 
+62.28 

0 

86.66 
24.28 
Mean/:    +62^ 

o 

86.80 
24.18 
46     ui:  24?23 

o 

38.46 
+62.62 

End  of  suspended  needle  marked  A  north.    Ship's  Head:  NE. 

Circle  East 

Circle  West 

Needle  Face  East 

Needle  Face  West 

Micro.  Direct 

Micro.  Reversed 

Micro.  Reversed 

Micro.  Direct 

s 

N 

S 

N 

S 

N 

S 

N 

o 

217.6 
20.0 
18.0 
20.0 

o 

37.6 
39.6 
37.6 
40.0 

e 

266.6 
67.6 
66.0 
68.6 

o 

86.6 
88.0 
86.0 
88.0 

o 

271.6 
74.0 
71.6 
74.0 

Q 

92.0 
94.0 
92.0 
94.0 

o 

320.6 
21.6 
20.0 
22.0 

o 

141.0 
42.0 
39.0 
42.6 

218.9 

38.6 

267.1 

87.1 

272.8 

93.0 

321.0 

141.1 

o 

38.76 
+62.93 

e 

87.10 
24.18 
Mean/:  +62 

o 

87.10 
24.08 
'98     ui:   24?13 

o 

38.96 
+63.03 

Ship's  Head 

N 

NE 

Remarks 

Chron.  time  and  tonp.,  beginning 
Chron.  time  and  temp.,  ending . . . 

Mean  chron.  time  and  mean  temp. 
Chron.  corr.  on  L.  M.  T. 

k  m 
1  49 
1  63 

C 
12?6 
13.0 

h  m 
1  66 
1  69 

C 
13?6 
13.3 

Helm 

Weather 

Sea 

Wind 

RoU 

Port 

b 

S 

0 

0** 

1  61 
+3  63 

12.8 

1  68 
f  3  63 

13.4 

Local  mi 
Mag'cn 

ean  time 
ler.  for  circ 

le  east  rea< 

is 

6  44 
17fl 

!*»  15'  *  * ' 

5  61 
134** 

16' 
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Form  1  la,  below,  reproduces  specimen  total-intensity  observations  with  sea  dip-circle 
189  by  the  loaded-dip  method,  made  on  the  headings  NE  and  N,  during  the  starboard-helm 
swing  in  San  Francisco  Bay  on  May  25,  1908.  It  will  be  noted  that  the  loaded  needle 
No.  4  was  used,  with  weight  11,  which  was  inserted  in  the  south  end  of  the  needle.  As  in 
the  case  of  Form  12a,  the  heading?  of  columns  will  suffice  to  explain  the  method  of  obser- 
vation, the  needle  readings  again  being  recorded  to  the  nearest  half  or  quarter  degree,  or 
occasionally  to  nearest  tenth  degree. 


Magnetic  ObeervaHans  an  Swing:  Total  Intensity  {F) 

(Form  11a) 

Station:  San  FranciBoo  Bav  Chronometer  H.  W.  Obt'r:  P.  H.  D. 

Date:  May  25, 1908,  A.  M.  Needle:  No.  4  loaded;  weic^t  11  Ree^d'r:  Q.  P. 

Dip  Cvrdt:  No.  189 


End  of  needle  marked  A  north  down.    Ship'e  Head  NE. 

Circle  East 

Circle  West 

Circle  West 

Circle  East 

Needle  Face  East 

Needle  Face  West 

Needle  Face  East 

Needle  Face  West 

8 

N 

8 

N 

8 

N 

8 

N 

0 

223.0 
24.5 
23.5 
24.5 

o 

43.5 
44.5 
43.5 
45.0 

0 

316.0 
17.0 
16.0 
17.5 

e 

136.0 
37.0 
35.5 
38.0 

o 

316.0 
17.5 
16.0 
17.5 

e 

136.0 
7.0 
6.0 
7.0 

0 

222.5 
25.0 
23.0 
24.5 

o 

43.0 
44.5 
43.0 
44.5 

223.9 

44.1 

316.6 

136.6 

316.8 

136.5 

223.8 

43.8 

-h44?00 

+43 

+43?40 
70 

Mean  V: 

+43?35 

+43^ 
+43?64 

+43?80 
58 

End  of  needle  marked  A  north  down.    Ship's  Head:  N. 

Circle  East 

Circle  West 

Circle  West 

Circle  East 

Needle  Face  West 

Needle  Face  East 

Needle  Face  West 

Needle  Face  East 

8 

N 

8 

N 

8 

N 

8 

N 

o 

223.0 
24.5 
23.0 
24.0 

e 

43.5 
44.0 
43.0 
44.5 

o 

317.0 
18.0 
16.0 
17.0 

o 

136.0 
38.0 
35.5 
38.0 

0 

316.0 
17.0 
16.5 
18.0 

e 

135.0 
37.5 
35.0 
38.0 

e 

223.0 
24.5 
22.5 
24.5 

o 

43.0 
44.5 
43.0 
45.0 

223.6 

43.8 

317.0 

136.9 

316.9 

136.4 

223.6 

43.9 

+43?70 

+43 

+43?05 
^38 

Mean  V: 

+43?35 

+43! 
+43?47 

+43?75 
55 

Ship's  Head 

NE 

N 

Remarks 

Chron.  time  and  tei 
Chron.  time  and  t< 

np,,hwnpip|r 

k  m 

3  01 

04 

C 
16?5 
15.7 

h  m 

3  08 

14 

C 
15?0 
17.0 

Weather 
Sea 
Wind 
RoU 

Stb'd 

b 

S 

0 

0* 

smp.y  ending 

Mean  chron.time  and  mean  temp. 
Chron.  corr.  on  L.  M.  T. 

3  02 
+3  53 

16.1 
•15' 

3  11 
+3  53 

16.0 

Loealm 
Mag'en 

eantime 
ler.foreirc 

le  east  read 

B 

6  55 
134' 

7  04 
179' 

15' 
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Ocean  Maonbtic  Obssrvahons,  1905-16 


Form  26a,  below,  shows  specimen  computatioDs  of  horizontal  intensity  {H)  from  the 
total-intensity  observations,  made  with  sea  dip-circle  189  during  the  swing  at  Siui  Francisco 
on  May  25,  1908.    The  upper  half,  marked  I,  gives  the  computation  of  H,  based  on  the 

Computation  of  HorizonUd  IrUensUy  from  TotdUIntengUy  ObservaHons,  San  Francisco,  May  tS,  1908 

(FormSSa) 


I.  From  defleotkm  observatioiM  <ni  port-helm  Bwing 
Formula:  H  "  Cg  oob  I  obo  ui 

Heading 

N 

NE 

E 

SE 

S 

8W 

w 

NW 

Mean 

L.  M.  T. 

Temp.  (C.) 

I  (con'd) 

Log.  080  Ui 
Log.  008/ 

Log.  Ctf 

Log.H 

Obe'dH 
Oba'd  Dev. 
Comp'd  Dev. 
Corr^iiy 

6>'44» 
12?8 
24?23 
62.37 

5»»51» 
13?4 
24?13 
62.90 

5»'58"» 
13?6 
23?86 
63.03 

6»»25- 
14?0 
23?97 
62.73 

6»»32- 
14?8 
24?06 
61.92 

6fc38- 
16?6 
23?92 
61.75 

6»»30- 
12?3 
23?89 
61.72 

6»»37» 
12?2 
24?12 
61.95 

6>»02- 
13?7 

0.8868 
9.6663 
9.3405 

0.3885 
9.6585 
9.3404 

0.3931 
9.6566 
9.3404 

0.3912 
9.6610 
9.3403 

0.3897 
9.6728 
9.3402 

0.3920 
9.6752 
9.3398 

0.3926 
9.6756 
9.3406 

0.3886 
9.6723 
9.3406 

9.3936 

9.3874 

9.3901 

9.3925 

9.4027 

9.4070 

9.4068 

9.4015 

0.2500 

0.2475 

-.0025 

-.0028 

0.2527 

0.2440 

-.0060 

-.0067 

0.2621 

0.2455 

-.0045 

-.0052 

0.2531 

0.2469 

-.0031 

-.0023 

0.2516 

0.2527 
+  .0027 
+  .0020 

0.2531 

0.2553 
+  .0053 
+  .0057 

0.2520 

0.2563 
+  .0063 
+  .0060 

0.2527 

0.2521 
+  .0021 
+  .0023 

0.2522 

0.2524 

HoriiontallnteDsity  from  ship  obaervatioDS...    0.2500 
Hcnriioiital  Intenstty  from  shcHre  observations. .    0.2524 
Henoe.  value  of  A\ —0.0024 

^. ...... .................     ^. 

1 

II.  From  loaded-dip  observations  on  starboard-helm  swing 
Formula:  H  -Cioos/oos/'csou 

Heading 

N 

NE 

E 

SE 

S 

8W 

w 

NW 

Mean 

L.  M.  T. 

Temp.  (C.) 
/  (corr'd) 

u  -  /-/' 

Log.  008  / 
Log.  008/' 

Log.  CSC  u 
Log.  Cj 

Log.-^ 

OWdH 
Obs'd  Dev. 
Comp'd  Dev. 

cwd/r 

7h04» 
16?0 
62?37 
43.47 
18.90 

6»»55« 
16?1 
62?90 
43.64 
19.26 

6>»44» 
17?2 
63?03 
43.45 
19.58 

7>»:43» 
16?5 
62?73 
43.02 
19.71 

7»»35« 
16?2 
61?92 
42.72 
19.20 

7b  28- 
17?1 
61?75 
42.88 
18.87 

7^20- 
18?4 
61?72 
43.02 
18.70 

7>»13- 

17?8 

61?95 

43.39 

18.56 

7M5- 
16?9 

9.6663 
9.8608 
0.4896 
9.3846 

9.6585 
9.8596 
0.4817 
9.3846 

9.6566 
9.8609 
0.4748 
9.3848 

9.6610 
9.8640 
0.4720 
9.3847 

9.6728 
9.8661 
0.4830 
9.3846 

9.6752 
9.8650 
0.4902 
9.3848 

9.6756 
9.8640 
0.4940 
9.3850 

9.6723 
9.8614 
0.4971 
9.3849 

9.4013 

9.3844 

9.3771 

9.3817 

9.4065 

9.4152 

9.4186 

9.4157 

0.2514 

0.2519 
+  .0005 
+  .0011 

0.2518 

0.2423 

-.0091 

-.0090 

0.2523 

0.2383 

-.0131 

-.0142 

0.2535 

0.2408 

-.0106 

-.0088 

0.2506 

0.2550 
+  .0036 
+  .0021 

0.2539' 

0.2601 
+  .0087 
+  .0096 

0.2515 

0.2622 
+  .0108 
+  .0110 

0.2522 

0.2604 
+  .0090 
+  .0082 

0.2532 

0.2524 

Horisontal  Intensity  from  ship  observations ...    0 .  2514 
Horisontal  Intensity  from  shore  observations . .    0 .  2524 
Henoe,  value  ot  A'\ -0.0010 

deflection  observations,  of  which  specimens  for  two  headings  (N,  NE)  are  presented  by 
Form  12a,  page  40.  In  the  formula,  /  is  the  inclination  resulting  from  deflection  obser- 
vations on  the  corresponding  heading  with  all  corrections  to  standard  applied,  which,  for  all 
headings,  amount  to  —  0?08  (see  p.  69).    For  example,  turning  to  Form  12a,  the  mean  /, 


44 


Ocean  Magnetic  Observations^  1906-16 


Analyzing  these  by  means  of  Form  23a  on  page  39,  the  following  deviation-coefficients  are 
derived:  B,=  +0?18;  Ci=+0?67;  A=-0?11;  £,=  -0?01.  The  probable  error  of 
the  deviation  of  a  single  heading  is  ^0?05  or  =^3^ 

Magnetic  Observations  on  Swing:  Indination  (J) 

(Form  IOa) 

SiaHon:  San  Frandaoo  Bay  Chron.:  H.  W.  Obs'r:  P.  H.  D. 

Date:  May  28, 1908,  A.  M. 
Dip  Cirde:  189 


Needle  No:  5 


Beed^r:  G.  P. 


End  of  needle  marked  A  north.    Micro.  A  on  A,    Ship's  Head:  N. 


Circle  East 


Needle  Face  East 


S 


242.0 
42.5 
41.5 
43.0 


242.3 


N 


62.0 
62.8 
62.0 
62.7 


62.4 


H-62?35 


Cirde  West 


Needle  Face  West 


S 


297.0 
98.8 
96.5 
98.5 


297.7 


N 


117.0 
18.0 
17.0 
18.2 


117.6 


+62?35 


+62?35 


Mean: 


Circle  West 


Needle  Face  East 


S 


296.8 
99.5 
96.5 
98.0 


297.7 


N 


116.2 
17.7 
16.2 
18.3 


117.1 


+62?60 


Circle  East 


Needle  Faoe  West 


S 


241.5 
42.0 
41.2 
42.5 


241.8 


N 


61.5 
62.8 
61.5 
62.2 


62.0 


+62?30 


-f62?25 


+61?90 


End  of  needle  mariced  A  north.    Micro.  A  on  A,    Ship's  Head:  NE. 


Circle  East 


Needle  Face  West 


S 


242.0 
42.7 
41.8 
43.0 


242.4 


N 


62.0 
62.5 
62.0 
62.8 


62.3 


+62?35 


Circle  West 


Needle  Face  East 


S 


297.2 
98.0 
97.0 
98.0 


297.6 


N 


116.8 
17.7 
17.0 
17.8 


117.3 


-f-62!46 


+62?65 


Circle  West 


Needle  Face  West 


S 


296.5 
98.0 
96.8 
98.7 


297.5 


N 


117.0 
18.2 
17.2 
18.3 


117.7 


-f62?40 


Circle  East 


Needle  Faoe  East 


S 


242.0 
43.0 
41.8 
42.5 


242.3 


N 


62.2 
63.3 
62.5 
62.2 


62.6 


Mean:  +62?44 


+62?42 


-f62?45 


Ship's  Head 


Chron.  time  of  beginning 
Chron.  time  of  ending 

Mean  chronometer  time 
Chron.  correction  on  L.  M.  T. 

Local  meantime 

Mag.  mer.  for  circle  east  reads 


N 

NE 

h     m 

5    15 

19 

h    m 

5    21 

24 

5    17 
+3    42 

5    22 
+3    42 

8    59 
179'  15' 

9    04 
134'  15' 

Remarks 


Helm 

Weather 

Sea 

Wind 

RoU 


Port 

b 

S 

0 

0** 


The  mean  value  of  the  inclination  from  the  ship  observations  is  +62?30,  the  corre- 
sponding value  at  the  same  time  from  the  shore  being  +62?10;  hence  A,=  +0?20. 
Applying  the  computed  deviations  and  Ai,  with  signs  reversed,  to  the  observed  inclinations, 
the  corrected  values  in  the  fifth  and  tenth  columns  result.  The  observed  inclinations 
varied  from  61?72  to  63?03,  hence  through  a  range  of  1?31,  whereas  the  corrected  values 
show  a  range  of  but  0?16,  or  W. 
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OCKAN  MaONBTIC  OBSERVATIONS,   1905-16 


Table  1. 

-Nummary  qf  Dmation-Co^ffieienU  of  ths  Galiiee,  San  FraneUeo  Bay,  May  tS,  tS,  and  B8, 1908, 

No. 

Data 

CoeffioienU  and  IVobaUe  Errori 

Inairumeot 

Head- 
ingB 

Obs'r 

Bridge 
Position 

Remarke 

• 

1908 

A4 

Btf 

Cn 

D4 

B4 

P.E. 

May  28 

+0?01 

-0?18 

-0?18 

+0?06 

-0?06 

-=0?04 

R3C 

8p  8e 

WJP 

Stand. 
Comp. 

Defl'r 

rSun   oba'd   with   itaiid. 

25 

0.00 

-0.1» 

-0.22 

+0.14 

+0.02 

^0.03 

R3C 

8p  8e 

WJP 

comp.  l^  prim  and  ali- 

I 
II 

28 

Mean 

May  28 

-0.01 

-0.14 

-0.16 

+0.16 

+0.06 

ifcO.02 

R3C 
D2 

8p  8e 
8p  Of 

WJP 

DCS 

.    dado;  both  helma 
Sun    obs'd    with    defl*r 

0.00 

-0.17 

-0.18 

+0.11 

+0.01 

*0.03 

+0.04 

+0.19 

-0.08 

+0.16 

-0.03 

i«>0.04 

oomp.  fagr  prim  and  ali- 

dade; port  helm 

Ai 

B| 

Ci 

^1 

Bi 

P.E. 

May  23 

+0?19 

+0?43 

+0?64 

-0?08 

+0?01 

-=0?02 

169.1A.  78 

8p  8a 

DCS 

B«c.  dip  on  port  helm. 

naedlo   1;   defl'd  dip, 

26 

+0.20 

+0.18 

+0.67 

-0.11 

-0.01 

ifcO.06 

189.5^ 

8p  Oe 

PHD 

,i«p 

CiieU 

Defl'd  dip,  long  distanoe. 
on  port  helm 

28 

+0.23 

+0.06 

-0.10 

-0.14 

-0.02 

^0.04 

189.6A.  S4 

ap8« 

PHD 

Reg.  dip  on  port  helm. 

needle  5;  ded'd   dip. 

III 

Mean 

long  diatioo  etarbJielm 

+0.21 

+0.28 

+0.40 

-0.11 

-0.01 

^0.04 

A'h 

B\ 

Ck 

D\ 

B'h 

P.E. 

May  23 

-  4 

-38 

-60 

+16 

-  1 

*  6 

169.7/? 

Op  8« 

DCS 

D.  C.  109  defl'na,  long 
diet.,  etarb.  hehn 

26 

-24 

-24 

-66 

-  4 

0 

*  6 

189.54 

8p  Ob 

PHD 

Dip 
Cirde 

D.  C.  189  defl'na,  long 
diet.,  port  hehn 

28 

-21 

-  1 

+16 

+13 

+  3 

^  6 

189.54 

Op  88 

PHD 

D.  C.  189  defl'na,  long 

IV 

Mean 

dist,  etarb.  helm 

-16 

-21 

-34 

+  8 

+  1 

^  6 

A"h 

B"n 

C"» 

!>"» 

B"k 

P.E. 

IVa 

May  26 

-10 

-  6 

-126 

+16 

+  3 

<^10 

189.4 

Op  8fl 

PHD 

Dip 
Cirde 

D.  C.  189  loaded  dipe, 
■tarb.helm 

^Ji 

Bu 

Ch 

Du 

Bk 

P.E. 

May  23 

-  7 

-  4 

+11 

+16 

+  1 

^  3 

D2.46, 

2L 

8p  8a 

PHD 

' 

Defl'r  obe'ns,  short  diet.; 
mag.  2L,  port  helm; 
mag.  46,  etarb.  helm 

25 

-  6 

0 

+  3 

+12 

-  4 

dt    2 

D2.46. 

2L 

8p  80 

DCS 

Defl'r 

Defl'r  obe'ne,  short  dist; 
mag.  46,  port  helm; 
mag.  2L,  etarb.  helm. 

28 

+  2 

-  2 

+10 

+  9 

+  2 

db  4 

D2.46. 

2L 

8p  8f 

DCS 

Defl'r  obs'na,  short  diet.; 
mag.  2L,  port  helm; 

Mean 

mag.  46,  etarb.  helm 

V 

-  4 

-  2 

+  8 

+12 

0 

*  3 

MAGNETIC  OBSERVATIONS  MADE  ON  COURSE. 

The  following  observations  will  serve  as  specimens  of  a  typical  day's  work  at  sea.  To 
show  what  is  possible  under  not  the  very  best  conditions,  the  day  selected  is  April  14, 1908, 
on  the  passage  of  the  Galilee  from  Callao,  Peru,  to  San  Francisco.  On  this  day  the  observ- 
ing conditions  were  as  follows:  roll  of  vessel  for  a.  m.  declination  observations,  10^  to  20^, 
hence  30^  from  side  to  side;  roll  of  vessel  for  p.  m.  declination  observations,  5^  to  15^,  hence 
2Xf  from  side  to  side ;  roll  of  vessel,  during  observations  of  magnetic  inclination  and  intensity, 
from  side  to  side  30^ ;  weather,  be  (clear,  blue  sky,  clouds) ;  sea,  M  (moderate  sea,  or  swell) ; 
wind,  SE  and  having  a  force  of  3-4  (Beaufort  scale) ;  temperature,  26^  C. 

Complete  astronomical  and  magnetic  observations  were  made  on  this  day,  of  which 
specimens  of  the  latter  follow. 


;.■     I 


OX 


■ .  \noN' 
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Declination  Observations,  April  14,  1908. 
/.  MagneHc  Ob9ervaHon8  on  Course:  Dedinaiian  (Z>) 

(Formal) 

Statitm:  At  Sea  LoL-  O""  01'  S  Ixmg:  08*  SO'  W         Weather:  bo 

Dttft:  Apr.  14, 1008»  A.  M.  Ve99d:  Galilee         Cam'd*r:  W.  J.  P.        Sea:  M 

Campam:  Ritchie  29400  (R3C)     Oftf  V:  W.  J.  P.         Re^fd^r:  P.  H.  D.         Wind:  SE,  8^ 


Temp:  26*  C. 
RM:  10*  to  20* 


Couneby 
St.  Comp. 

Prism  Method 

Afidade  Method 

Time  by 

Sun  by 

Time  by 

Sun  by 

Remarks 

Chr(m.241 

St.  Comp. 

Chron.  241 

St.  Comp. 

A      m     « 

• 

h      m     a 

• 

wsw 

(Setl) 

1    14    69 

16    06 

21 

N  71.0  E 
71.6 
71.0 

1     16    66 

17    09 

17 

N  71.6  E 
71.8 
71.0 

Magndie  arUdBM  rmmmd:  Yes 
Sunrise:  altitude  less  than  6*;  mast 
interferes 

31 

70.0 

22 

74.0 

46 

71.8 

27 

73.6 

66 

71  0 

33 

72  0 

16    06 

70.0 

38 

71.0 

13 

70.8 

42 

71.6 

CHBONOMXTEB  COlfPABISONS 

24 
31 

70.8 
70.0 

47 
62 

70.6 
72.6 

Before 

After 

Means 

1    16    47 

N  70.79  E 

1    17    28 

N  71.94E 

WSW 

1    27    48 

N  72.0  E 

1    26    16 

N  71.0  E 

h    m    9 

h     m    a 

(Set  2) 

66 

71.0 

21 

70.6 

Qircm.  63167 

12  64  00 

13  20  30 

28    00 

71.2 

27 

70.8 

Corr'nonG.M.T. 

-   16  30 

-   16  30 

06 

72.0 

32 

69.6 

G.  M.  T. 

12  88  30 

13  06  00 

13 

70.0 

39 

70.0 

E. 

-     0  20 

-     0  20 

22 

70.8 

63 

71.0 

G.  A.  T. 

12  38  10 

13  04  40 

49 

70.0 

68 

71.2 

Long. 

6  34  00 

6  34  00 

64 

70.0 

27    02 

72.0 

L.  A.  T. 

6  04  10 

6  30  40 

29    02 

71.0 

10 

71.4 

Chron.  241 

1  07  41 

1  34  11 

06 

70.8 

14 

72.0 

241  on  L.  A.  T. 
Mean 

44  66  29 
+4  66  29 

+4  66  29 

Means 

1    28    26 

N  70.88E 

1    26    46 

N  70.94  E 

//.  Magnetic  ObaervaHoM  an  Course:  Dedination  (D) 

(Form  31) 

SiaUim:  At  Sea  IxU:  6*  OV  S  Long:  98*  30^  W  Weather:  bo 

Dak:  Apr.  14, 1908.  A.  M.  Veead:  Galilee         Cam'd^r:  W.  J.  P.  Sea:  M 

Campaaa:  Ritdkie  33666  (D2).      Obt'r;  P.  H.  D.        Ren^d'r:  W.  J.  P.  Wind:  SE,  ^-A 


Temp:  26*  C. 
RoU:  10*  to  20* 


Course  by 
St.  Comp. 

Prism  Method 

Alidade  Method 

Time  by 

Sun  by 

Time  by 

Sun  by 

Remarks 

Chron.  241 

St.  Comp. 

Chr(m.241 

St.  Comp. 

h      m     a 

o 

h      m     a 

e 

WSW 
(Setl) 

1    19    16 
40 
60 

N  71.8  E 
72.0 
72.0 

1    21    33 
38 
44 

N  70.6  E 
70.0 
72.0 

Magnetie  arUdea  remoeed:  Yes 
Sunrise;  aHitude  from  3*  to  5* 

68 

71.6 

66 

69.7 

20    06 

72.0 

22    00 

70.0 

10 
17 

72.0 
72.0 

10 
16 

70.8 
71.0 

22 

71.6 

22 

71.0 

CHBONOMBTBB  OOMPARUONS 

33 
43 

71.8 
72.0 

32 
23    00 

71.0 
71.0 

Before 

After 

Means 

1    20    06 

N  71.86E 

1    22    07 

N  70.70E 

MTSW 

1    26    08 

N  72.2  £ 

1    23    28 

N  71.0  E 

h     m    a 

h    m    a 

(Set  2) 

13 

73.2 

33 

69.8 

Chron.53167 

12  64  00 

13  20  30 

22 

71.0 

39 

71.2 

Corr'nonG.M.T. 

-    16  30 

-   16  30 

26 

71.2 

48 

71.0 

G.  M.  T. 

12  38  30 

13  06  00 

31 

71.6 

66 

72.0 

£. 

-     0  20 

-     0  20 

38 

72.0 

24    08 

72.6 

G.  A.  T. 

12  38  10 

13  04  40 

43 

72.0 

19 

72.0 

Long. 

6  34  00 

6  34  00 

48 

71.6 

29 

72.0 

L.A.T. 

6  04  10 

6  80  40 

64 

71.7 

40 

71.8 

Chron.  241 

1  07  41 

1  84  11 

68 

71.6 

47 

71.7 

241  on  L.  A.  T. 
Mean 

+4  66  20 

+4  66  29 
\ 

Mmm 

1    36    84 

N71.8DE 

1    24    06 

N  71.60E 

\ 
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Ocean  Magnetic  Observations,  1905-16 


Declination  Observations,  April  14,  1908 — Continued. 
III.  Magnetic  Observatians  on  Course:  DedinoHon  (D) 

(Form  21) 


SlaJtiim:  At  Sea 

Dale:  Apr.  14,  1008,  P.  M. 

Compass:  Ritchie  20499  (R3C) 


Lai:  6*  41'  S 
Vessel:  Galilee 
Obs'r:  W.  J.  P. 


Long:  99*  66'  W 
CotffCd^r:  W.  J.  P. 
Reed^r:  D.  C.  S. 


Wealther:  be 
Sea:  M 
Wind:  SE,  3-4 


Temp:  26  C 
R6a:  6*  to  16» 
Hul:  3**  to  staiboard 


Gouraeby 
St.  Comp. 

Prinn  Method 

Alidade  Method 

Time  by 

Sun  by 

Time  by 
Chron.  241 

Sun  by 

Remarks 

Chron.  241 

St.  Comp. 

St.  Comp. 

h 

m     s 

0 

h 

m     s 

e 

WSW 

11 

62    36 

N  88.0  W 

11 

64    10 

N  87.6  W 

Magnetic  artides  rmnooed:  Yes 

(Setl) 

47 

87.3 

13 

87.7 

Approx.  Alt.  Sun's  oenter,  by  sextant: 

64 

87.6 

16 

88.0 

(Prism)    (AUdade) 

69 

87.0 

66    38 

87.0 

For  set  1                      17".7           17*.0 

63    02 

86.8 

68 

87.8 

FcMT  set  2                      12^.2           13*.4 

07 

87.6 

66    34 

86.6 

Rigging  interferes 

11 
13 

87.3 
87.6 

40 
44 

87.6 
87.3 

32 

87.0 

62 

87.3 

CHBONOlfXTBB  COMPABISONB 

46 

87.6 

67    08 

87.0 

Means 

Before 

After 

11 

63    07 

N  87.34  W 

11 

66    49 

N  87.37  W 

h   m  s 
22  66  00 

h     m    s 
0    41   30 

WSW 

12 

12    47 

N  88.2  W 

12 

09    38 

N  87.8  W 

Chron.  63167 

(Set  2) 

60 

88.0 

42 

87.6 

Corr'nonG.M.T. 

-  16  30 

-     15  30 

63 

88.0 

43 

87.8 

G.  M.  T. 

22  40  30 

0    26  00 

68 

88.2 

10    02 

87.8 

E. 

-     0  13 

-      0   13 

13    01 

88.6 

60 

89.0 

G.  A.  T. 

22  40  17 

0    25  47 

13 

88.6 

11     14 

88.6 

Long. 

6  39  40 

6    39  40 

16 

88.7 

27 

88.0 

L.  A.  T. 

16  00  37 

17    46  07 

21 

87.6 

40 

87.3 

Chron.  241 

11  09  44 

12    66   14 

26 
32 

87.6 
88.0 

f)0 

88.2 
87.8 

%>9 

12    07 

241  on 

L.  A.  T. 

+4  50  63 

+4    60  63 

Means 

12 

13    08 

N  88.13  W 

12 

10    60 

N  87.97  W 

Mean 

+4  60  63 

IV.  Magnetic  Obeervations  on  Course:  Declination  (D) 

(Form  21) 


StoHon:  At  Sea 

DaU:  Apr.  14,  1908,  P.  M. 

Compass:  Ritchie  33666  (D  2) 


Lat:  6*  41'  S 
Vessel:  Galilee 
Ohs'r:  D.  C.  S. 


Long:  99'  65'  W 
Com*d'r:  W.  J.  P. 
/Jec'rfV:  W.  J.  P. 


Weather:  b 
Sea:  M 
Wind:  SE,  3-4 


Temp:  26'  C. 
RoU:  5*  to  15* 


Course  by 
St.  Comp. 

Prism  Method 

Alidade  Method 

Time  by 

Sun  by 

Time  by 

Sun  by 

Remarks 

Chron.  241 

St.  Comp. 

Chron.  241 

St.  (Domp. 

h 

m     s 

0 

h 

m     s 

0 

WSW 

11 

67    66 

N  86.3  W 

11 

59    57 

N  87.3  W 

Magnetic  articles  removed:  Yes 

(Setl) 

58    04 

86.6 

12 

00    06 

87.6 

Approx.  Alt.  Sun's  center,  by  sextant: 

(Prism)     (AUdade) 

12 

87.0 

16 

87.3 

20 

87.2 

24 

87.3 

For  set  1                       16^4           16^.0 

27 

87.0 

33 

87.6 

For  set  2                      14M           14*.6 

32 
39 

86.8 
86.8 

43 

48 

86.8 
87.7 

59    00 

87.2 

12 

01    00 

87.8 

CHRONOMETER  COMPARISONS 

01 
06 

87.0 
86.5 

06 
15 

87.8 
87.2 

Means 

29 

87.5 

Before 

After 

11 

58    32 

N  86.83  W 

12 

00    42 

N  87.44  W 

n         AM       • 

h    m    s 
0  41  30 

WSW 

12 

07    40 

N  87.5  W 

12 

05    22 

N  88.7  W 

Chron.  53157 

22    56  00 

(Set  2) 

46 

88.0 

32 

87.5 

Corr'nonG.M.T. 

-     15  30 

-    15  30 

51 

87.0 

44 

88.0 

G.  M.  T. 

22    40  30 

0   26  00 

08    04 

87.0 

54 

87.3 

e. 

-      0   13 

-     0  13 

17 

87.2 

06    13 

87.5 

G.  A.  T. 

22    40   17 

0  25  47 

21 

87.3 

23 

87.5 

Long. 

6    39  40 

6  39  40 

30 

87.5 

31 

88.5 

L.  A.  T. 

16    00  37 

17  46  07 

39 

87.0 

44 

88.0 

Chron.  241 

11    09  44 

12  66  14 

46 
53 

87.6 
86.8 

61 
69 

88.0 
87.8 

241  on 

L.  A.  T. 
^   Mean 

4-4    60  63 
+4    60  63 

1 

+4  50  63 

M&uw          I 

12 

OS    17 

N  87.28  W 

12 

06    \Z 

^  15  %7 .«»  W 

I 
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Hobizontal-Intensitt  Obsebyations,  Apbil  14,  1908. 
V.  Magnetic  Observationa  on  Course:  HoriMontal  InteneUy  (H) 

(FormM) 


SiaHtm:  At  8m 

DaU:  Apr.  14, 1908,  P.  M. 

/nffrMfPienl:  Sea  Defl'r  2  (D2) 

Weaiher:  bo 

5m:  M 


LaL  6*  41'  8 
VeM9el:  Qalilee 
Gtf'r:  D.  C.  8. 
Wind:  8E,  4 
RoO:  W  to  20"* 


Lang:  99*66'W 
C(nn'<rr:  W.  J.  P. 
lUed'r:  W.  J.  P. 
Temp:  26*  C. 


Course  by 
St.  Comp. 

Time  by 
241 

Temp. 
C. 

Magnet 

Dis- 
tance 

Letters 

Prism 

N.  End 
Magnet 

Lubber- 
Line  reads 

Means 

Course^by 
Defl.  Comp. 

W 

h      m 
11    16 

26.4 

2L 

8 

BO 

8 

E 

N  79.4  W 

o 

• 

(Setl) 

n 

N 
8 

W 

E 
W 

8  79.3  E 
8  78.7  W 
N  78.4  E 
N  79.2  W 
8  79.3  E 
8  78.6  W 

100.70 
78.48 

N  89.6E 

Means 

24 

26.3 

N  78.3  E 

11    20 

26.4 

2tt 

22.22 

8  89.69  W 

W 

11    26 

26.3 

2L 

S 

AO 

8 

W 

8  78.4  W 

(8et2) 

N 
N 
8 

£ 

W 

E 

N  78.3  E 
N  79.2  W 
8  79.4  E 
8  78.2  W 
N  78.6  E 
N  79.3  W 

78.36 
100.68 

8  89.3W 

Means 

30 

26.2 

8  79.4  E 

11    28 

26.2 

2tt 

22.33 

8  89.62W 

W(Set3) 
W  (Set  4) 

11    34 

26.2 

2L 

8 

BO 

2u 

22.27 

8  89.48W 

11    42 

26.2 

2L 

8 

AO 

2ii 

22.30 

8  89.47W 

W 

h     m 
12    17 

o 

27.8 

46 

8 

BO 

8 

E 

o 

N  76.4  W 

o 

o 

(Set  la) 

n 
n 

8 

W 

E 

W 

8  75.3  E 
8  74.7  W 
N  74.7  E 
N  76.3  W 
8  76.4  E 
8  74.6  W 

104.66 
74.60 

N  89.5  E 

Means 

24 

26.6 

N  74.6  E 

12    20 

27.2 

2u 

30.06 

8  89.62W 

W 

12    26 

26.8 

46 

8 

AO 

S 

W 

8  74.6  W 

(Set  2a) 

n 

N 
8 

E 

W 

E 

N  74.6  E 
N  76.6  W 
8  76.3  E 
8  74.4  W 
N  74.3  E 
N  76.4  W 

74.46 
104.66 

8  89.7W 

Means 

33 

26.0 

8  76.6  E 

12    29 

26.2 

2tt 

30.10 

8  89.60W 

W  (Set  3a; 

12    36 

26.0 

46 

S 

BO 

2u 

30.06 

8  89.62W 

W  (Set  4a) 

12    43 

26.0 

46 

S 

AO 

2u 

30.00 

8  89.60W 

h      m     M 

Remi 

^mL^m 

Chronometer  D6S 

a67 

22    66    00 

uncB 

Correction  on  G. 

M.T. 

"    16    80l 

Mammtie  mtUUi  rtfnomd: 
In  liUMle  of  safls 

Yes 

G.  M.  T. 

Longitude 
L.  M.  T. 
Chronometer  241 

OD  Mm  M.  T. 

22  40  ad 

6  39  4q 
16  00  50 
11    09    44 

Ghronoi 

netar241 

+  4    51    05 

*LQblMr4iM  fosdiag  of  D3  i^sn  standard  oonpasB  (R8C)  reads  OD 


1M6-I« 


VL 


At 


Dtp  Ciraitr  19 


14,  im^  F.  It. 


CO 


AnaLl4,19a8u 


(/)ftf 


GVr:  P.K.D 
5Mbr  4;  «ii«i«»  U. 


End  of 


CkvfeWi 


Fm»W< 


X 


X 


142.5 
145.0 
U2.0 
146.0 


91.5 

5 
325.0 


90.5 
37.5 

305 

L5 


210.0 

2IS.5 
210.5 
21S.5 


35.5 
38.5 
37  0 
30.0 


217.0 
218.5 
210.0 
210.0 


140.0 

14i.O 
141.5 
144.5 


5 
5 
324.0 


143.0 


37.2 


217-4 


372 


217  4 


1-13.5 


323.0 


r.  -37n3 


EHiar 


A  BOKtil  up 


CkefeWf 


XeodkFi 


XmOsFiMEMt 


S 


X 


X 


X 


141.5 
145.0 
14D.5 
145.0 


5 

5 
0 


30.5 
30.0 
35.5 
38.0 


210.0 

218.0 
217.0 

218.0 


35. 

38. 


0 
0 
30.0 
38.0 


210.0 
218.5 
210.0 

217  0 


142.0 

145.5 
142.5 

144.5 


0 

334.0 
321.0 
394.0 


143.2 


322.9 


37.2 


217.2 


f.S 


210.9 


143.0 


322.8 


r: 


8K 


U 


I— 


km  C 

10   50       ao?8 


10    50 


%      m 
11    M 


for  eirefe 


10    58 

-)-5    20 

10    ^ 


27  0 

11 

57 

20.9 

11 
4^ 

50 
20 

17 

22 

c 

20?0 

20.5 

20.0 


be 
M 

Wind:  SE.  4 
Boll:  lOr  to  30* 


2a0*15' 


3W15' 
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Total-Intensitt  Observations,  April  14,  1908 — Continued. 
VII.  Magnetic  ObeervoHons  on  Coune:  ToUd  InteneOy  (F)  by  Ikifleetion  Meihod 


SiaUon:  At  sea 

Dote:  Apr.  14.  1906,  P.  M. 

DipCvrdt:  189 


(Fonn  18) 

Lai:  V"  41'  8 
Ve99d:  Galilee 
Caiwi.*  H.  W. 


Long:  99*  55' W 
Ob9W:  P.  H.  D. 
NeedU$:  3  and  4; 


,  long 


End  of  suspended  needle  3  marked  A  north 


Circle  East 


Needle  Face  East 


Micro.  Direct 


Micro.  Reversed 


Circle  West 


Needle  Face  West 


Micro.  Reversed 


Micro.  Direct 


S 


137.5 
139.5 
136.0 
139.0 


138.0 


N 


S 


315.5 
318.5 
310.5 
321.5 


221.0 
223.0 
220.0 
223.0 


318.0 


221.8 


318?00 

359.82 

-.18 


N 


S 


40.0 
43.0 
39.0 
44.0 


40.5 
43.0 
41.5 
43.0 


41.5 


42.0 


41?d5 
41.82 


N 


S 


221.5 
225.0 
221.0 
223.0 


316.5 
320.5 
318.5 
320.0 


222.6 


318.9 


222?30 
41.70 


N 


137.5 
141.0 
137.5 
139.5 


138.9 


Mean/ 


-0?39 


fit :  41?76 


138?90 

180.60 

-.60 


Suspended  needle  3  turned  face  about  on  bearings 


II 


Circle  West 


Needle  Face  East 


CirdeEast 


Needle  Face  West 


Micro.  Direct 


Micro.  Reversed 


Micro.  Revived 


Micro.  Direct 


8 


N 


S 


N 


S 


N 


S 


N 


317.0 
321.5 
317.5 
319.0 


136.5 
139.0 
137.0 
139.0 


40.5 
45.0 
40.5 
42.5 


220.0 
224.0 
219.5 
224.0 


220.0 
224.5 
220.0 
224.5 


39.0 
44.0 
40.0 
42.5 


135.0 
141.0 
136.5 
139.5 


316.5 
318.5 
316.5 
319.0 


318.8 


137.9 


42.1 


221.9 


222.2 


41.4 


138.0 


317.6 


138T35 

180.17 

-.17 


222?00 
41.82 


41?80 
42.00 


Mean  /:  -0?18 


ui:  41?91 


317?80 

359.80 

-.20 


Set 


Chron.  time  and  temp.,  beginning 
Chron.  time  and  temp.,  ending 

Mean  chron.  time  and  mean  temp. 
Chron.  orar.  on  L.  M.  T. 


Local  meantime 


Magnetic 


for  circle  east  reads 


I  and  II 


km         C 
11    01        27?0 
11     11        26.8 


11    06 

+5    26 

16    32 


26.9 


269''  15' 


Remarks 


Ship's  head:  West 
Weather:  be 
Sea:  M 
Wind:  SE,  4 
RoU:  10*"  to  20"* 
Magnetic  ortiefetr^- 
mo9ed:  Yes 
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roTAL-lNTENsmr  Obsbbvations,  Apbil  14,  lOOS— CondtMM. 
Magnetic  Observatimi  an  Coune:  Total  Intenniy  (F)  by  Deflection  M 


(Form  18) 

StaHon:  At  Sea  Lai:  5«  41'  S 

Date:  Apr.  14, 1908,  P.  M.        Veitd:  Qftlilee 
Dip  CirtiU:  189  Chran:  H.  W. 


Lona:  99''  55'  W 

(X7r:  P.  H.  D. 

N^edUa:  3  and  4;  dietanee,  short 


End  of  suspended  needle  3  marked  A  north 


Circle  East 


Needle  Face  East 


Circle  West 


Needle  Ftuse  West 


Micro.  Direct 


Micro.  Reversed 


Micro.  Reversed 


Micro.  Direct 


8 


108.0 
114.0 
108.5 
110.5 


110.2 


290 


N 


S 


288.0 
294.0 
289.0 
293.5 


248.5 
250.5 
248.0 
252.0 


291.1 


249.8 


^05 


N 


8 


67.5 
72.5 
68.5 
71.0 


68.0 
70.5 
68.5 
72.0 


69.9 


69.8 


360.25 
+  .25 


69T85 
69.60 


N 


8 


247.5 
251.0 
248.0 
250.0 


288.0 
293.0 
289.0 
292.0 


249.1 


290.5 


249?45 
69.50 


N 


108.5 
112.5 
109.5 
111.0 


110.4 


Mean/: 


+0?15 


ui :  69?55 


110?45 

179.95 

+  .05 


Suspended  needle  3  turned  face  about  on  bearings 


n 


Circle  West 


Needle  Face  East 


CirdeEast 


Needle  Face  West 


Micro.  Direct 


Micro.  Reversed 


Micro.  Reversed 


Micro. 


8 


289.0 
292.0 
290.0 
291.0 


290.5 


110 


N 


8 


109.5 
112.0 
109.0 
112.5 


68.0 
71.5 
67.0 
70.5 


110.8 


69.2 


W 


N 


8 


248.5 
253.0 
249.5 
252.0 


246.5 
250.0 
248.0 
249.5 


250.8 


248.5 


180.32 
-.32 


250?00 
69.68 


N 


8 


67.0 
70.0 
66.5 
70.5 


109.5 
114.0 
110.0 
115.0 


68.5 


112.1 


68?50 
68.42 


N 


290.0 
293.0 
290.5 
291.5 


291.2 


Mean  /:  -0?12 


ui :  69?05 


291*65 

360.08 

+  .08 


Set 


ning 


Chron.  time  and  temp.,  beginni 
Chron.  time  and  temp.,  ending 

Mean  chron.  time  and  mean  temp. 
Chron.  corr.  on  L.  M.  T. 

Local  mean  time 


Magnetic  meridian  for  circle  east  reads 


I  and  II 


h  m 

11  44 

11  52 

11  48 

+  5  26 

17  14 


C 

28ro 

26.7 
27.4 


269*15' 


Remarks 


Ship's  head:  West 
Weather:  be 
Sea:  M 
Wind:  SE,  4 
Roll:  10*  to  ^20 
Magnelieartidet  rt' 
mo96d:  Yes 
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Inclination  Obsbbvations,  Apbil  14, 1908. 

IX.  MagneHe  Ob$ervation8  an  Ccune:  Inclination  (/) 


SkiHon:  At  Sea 

Daie:  Apr.  14. 1908,  P.  M. 

DipCireU:  189 


(Form  10) 

Lot:  5*  41' 8 
Ve9$d:  Qalilee 


Long:  W  55'  W 
OfcaV;  P.  H.  D. 
NeedU:  5 


End  of  needle  marked  A  north  up. 


Micro.  A  on  A, 


Circle  East 


Circle  West 


Circle  West 


Circle  East 


Needle  Face  East 


Needle  Face  West 


Needle  Face  East 


Needle  Face  West 


S 


178.0 
181.5 
178.0 
181.0 


179.6 


-0?45 


N 


S 


358.0 
361.0 
357.5 
361.5 


359.5 
362.0 
359.0 
362.5 


359.5 


360.8 


-0 


?45 


-0T45 


N 


S 


180.0 
181.5 
178.0 
181.0 


358.0 
361.0 
360.0 
362.0 


180.1 


360.2 


-0!55 


N 


S 


180.5 
181.0 
179.5 
182.5 


178.0 
180.0 
178.5 
181.0 


180.9 


179.4 


Mean:  -0?42 


-0?40 


-0T25 


N 


359.5 
361.0 
358.5 
361.5 


360.1 


Polarity  reversed.^    End  of  needle  mariced  B  north  up.    Micro.  A  on  A. 


CirdeEast 


Circle  West 


CirdeWest 


CirdeEast 


Needle  Faoe  East 


Needle  Faoe  West 


Needle  Face  East 


Needle  Fare  West 


8 


178.5 
180.5 
178.0 
182.0 


179.8 


o?bo 


N 


8 


359.0 
363.0 
358.5 
360.5 


358.5 
360.5 
359.0 
361.5 


360.2 


359.9 


N 


S 


178.5 
181.5 
180.0 
181.0 


359.5 
361.0 
358.0 
361.0 


180.2 


359.9 


-6T02 


-0?06 


-0?15 


N 


178.0 
182.0 
179.0 
182.5 


179.0 
182.0 
178.5 
181.0 


180.4 


180.1 


Mean:     -0?06 
Mean/: -0.24 


-0?10 


-0T05 


N 


357.5 
361.5 
358.5 
361.5 


359.8 


Polarity 


Chron.  time  of  beginning 
Chron.  time  of  ending 

Mean  chronometer  time 
Chroo.  coneetion  oo  L.  M.  T. 

Local  mean  time 

Mean  L.  M.  T. 

Magnetie  meridian  for  oirole  east  reads 


h     m 
10    44 

48 

10    46 
+  5    26 

16    12 


B 


h      m 

12    07 

11 

12    09 
+  5    26 

17    35 


16^54- 
269*  15' 


Remarioi 


Ship's  head:  West 
Weather:  be 
Sea:  M 
Wind:  SE,  4 
RoU:  10*  to  20* 
MagneHe  artieleMre' 
mo9ed:  Yes 


^Pdaritr  rsyswsd  by  10  sliolns  of  bar  magntti  on  eaoh  faoe  of  noodle. 


64 


OcBAN  Magnetic  Obsbbyations,  1905-16 


Inclination  Observations,  April  14,  1908 — Concluded. 
X.  Magnetie  Observations  on  Course:  IndinaHon  (/) 


Station:  At  Sea 

Date:  Apr.  14, 1908,  P.  M. 

Dip  CircU:  189 


(FbrmlO) 

Latitude:  5^  41'  S 
Ve9ieL'  Galilee 
Chronometer:  H.  W. 


Longitude:  99*  65'  W 
Obeerver:  P.  H.  D. 
NeedU:  6 


End  of  needle  marked  A  north  up 


Micro.  A  on  A 


Circle  East 


Needle  Face  East 


S 


178.0 
181.0 
178.5 
181.0 


179.6 


N 


357.0 
360.5 
357.0 
360.0 


358.6 


-0?90 


Circle  West 


Needle  Face  West 


S 


361.0 
361.5 
359.0 
362.0 


360.9 


N 


180.0 
181.5 
179.0 
181.5 


180.5 


-0?80 


-0?70 


Circle  West 


Needle  Face  East 


S 


359.0 
361.5 
360.0 
363.0 


360.9 


N 


179.5 
182.5 
179.5 
183.0 


181.1 


-1?00 


Circle  East 


Needle  Face  West 


S 


178.0 
180.5 
178.5 
180.0 


179.2 


N 


358.0 
360.5 
358.0 
361.0 


359.4 


Mean:  -0?82 


-0T85 


-0?70 


Polarity  reversed^ 


End  of  needle  marked  B  north  up 


Micro.  A  on  A 


Circle  East 


Circle  West 


Circle  West 


Circle  East 


Needle  Face  East 


Needle  Face  West 


Needle  Face  East 


Needle  Face  West 


S 


178.5 
181.5 
178.0 
181.0 


179.8 


N 


S 


358.5 
361.0 
359.0 
361.5 


358.0 
362.5 
359.0 
361.0 


360.0 


360.1 


-0?10 


N 


178.0 
182.5 
180.0 
181.5 


359.0 
362.5 
359.0 
362.5 


180.5 


360.8 


-0?20 


-0?30 


N 


S 


178.5 
183.0 
179.5 
182.0 


178.5 
180.5 
178.0 
181.0 


180.8 


179.5 


-0?80 


N 


359.0 
361.5 
357.5 
362.5 


360.1 


Mean: 
Mean/: 


0?35 
•0.68 


-0?50 


-0?20 


Polarity 


B 


Remarks 


Chron.  time  of  beginning 
Chron.  time  of  ending 

Mean  chronometer  time 
Chron.  correction  on  L.  M.  T. 

Local  mean  time 
Mean  L.  M.  T. 

Magnetic  meridian  for  circle  east  reads 


h      m 

10    49 

54 

10    52 
+  5    26 


16     18 


h      m 

12    00 

06 

12    03 
+5    26 

17    29 


16»»54F 
269*15' 


Ship's  head:  West 
Weather:  be 
Sea:  M 
Wind:  SE,  4 
Roll:  10*  to  20* 
Magnetic  artieiee 
removed:  Yes 


^Polarity  reversed  by  10  strokee  of  bar  magnets  on  each  face  of  needle. 
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The  foregoing  observations  on  course  were  computed  in  the  same  way  as  were  the  swing 
observations,  explained  on  pages  33  to  46.  It  was  necessary  to  apply  to  each  course  value 
of  an  element  the  proper  deviation-correction,  derived  as  explained  on  pages  91-92. 

In  the  case  of  the  declination  observations  given  on  pages  47-48,  each  set  was  com- 
puted, using  Form  22  as  shown  on  page  35.    The  results  of  the  computations  were  as  follows : 

Tabli  2,^ValuBi  of  the  Magnetic  DedinatUm  en  AprU  H,  1908,  from  A,  M.  ObeerpoHone. 

(Latitude,  6<»  01'  S;  longitude,  OS*  SO'  W.) 


Instni- 
nieot 

Set 

Method 

Local 

ApiMtrent 

Time 

Sun  by 
ComiMMs 

Instrumental 
Correction 

Corr'd 
Compass 
Reading 

Sun's 
Asimuth 

Obs'd 
Deol'n 

Devia- 

tion- 

Corr'n 

Corr'd 
Deel'n 

c 

Ape 

A^ 

R3C 
R3C 
R3C 
R3C 

D2 
D2 
D2 
D2 

1 
2 
1 
2 

1 
2 
1 
2 

Prism 
Prism 
Alidsde 
AiidMie 

Prism 

Alidade 

Alidade 

h     m     9 
6    12    16 
6    24    66 
6    13    67 
6    23     14 

6     16    34 
6    22    03 
6     18    36 
6    20    34 

o 

N  70.70 E 
70.88 
71.04 
70.04 

N71.86B 
71.80 
70.70 
71.60 

o 

+  .03 
+  .03 
+  .02 
+  .03 

.00 

.00 

+  .01 

+  .01 

e 

+  .28 
+  .28 

-.64 
-.64 

o 

+  .06' 
+  .06 

+  .64" 
+  .04 

0 

N71.10E 
71.10 
72.02 
71.03 

N  71.32  E 
71.26 
70.76 
71.66 

e 

N80.36E 
70.08 
80.30 
80.03 

Means 

N80.23E 
80.07 
80.18 
80.12 

Means 

Weighted 

e 

+0.26 
+8.70 
+8.28 
+0.00 

e 

-.08 
-.08 
-.08 
-.08 

• 

+0.17 

+8.71 
+8.20 
+8.02 

+8.83 

-.08 

+8.76 

+8.01 
+8.81 
+0.43 
+8.67 

-.21 
-.21 
-.21 
-.21 

+8.70 

+8.60 
+0.22 
+8.36 

+8.03 

-.21 

+8.72 

mean 

+8.74 

Tablb  3.— Fa<iiet  of  the  Magnetic  Dedination  on  AprU  I4, 1908,  from  P.  M,  ObeervaUone. 

(Latitude,  6"  41'  S;  longitude,  00*  66'  W.) 


Instru- 
ment 

Set 

Method 

Local 

Apparent 

Time 

Sun  by 
Compass 

Instrumental 
Correction 

Corr'd 
Ck>mpa8s 
Reading 

Sun's 
Asimuth 

Obe'd 
Ded'n 

Devia- 
tion- 
C^MT'n 

Owr-d 
Ded'n 

c 

Ape 

A«e 

R3C 
R3C 
R3C 

Rac 

D2 
D2 
D2 
D2 

1 
2 
1 
2 

1 
2 

1 
2 

Prism 
Prism 
Alidade 
Alidade 

Prism 
Prism 
Alidade 
Alidade 

h     m    9 

16  44   00 

17  04   01 

16  46   42 

17  01    48 

16   40   26 
16   60    10 
16   61    36 
16   67   06 

0 

N  87.34  W 
88.13 
87.37 
87.07 

N86.83W 
87.28 
87.44 
87.88 

e 

-.02 
-.02 
-.02 
-.02 

+  .10 
+  .10 
+  .10 
+  .10 

0 

-.28 
-.28 

+  .64 
+  .64 

e 

-!03 
-.04 

-!6i 
-.01 

0 

N  87.04  W 
87.83 
87.32 
87.01 

N  87.47  W 
87.02 
87.63 
87.07 

• 

N  78.08  W 
78.86 
78.20 
78.78 

Means 

N  78.30  W 
78.68 
78.80 
78.60 

Means 

0 

+8.06 
+8.08 
+0.12 
+0.13 

e 

-.08 
-.08 
-.08 
-.08 

• 

+8.88 
+8.00 
+0.04 
+0.06 

+0.06 

-.08 

+8.07 

+0.17 
+0.24 
+0.14 
+0.37 

-.21 
-.21 
-.21 
-.21 

+8.06 
+0.03 
+8.08 
+0.16 

+0.23 

-.21 

+0.02 

Wei^ted 

mean 

+8.00 

Thus,  after  instrumental  corrections  had  been  applied,  the  mean  of  the  four  sets  of 
a.  m.  observations  with  R3C  was  +8?83.  The  correspon(ling  value  for  D2  was  +8?93. 
The  respective  deviation-corrections  (see  p.  92)  were  —  0?08  and  —  0?21,  giving  as  the 
final  values  of  the  magnetic  declination,  8?75  E  by  the  standard  compass  (R3C)  and  8?72 
E  by  the  sea  deflector  (D2).  The  final  weighted  mean,  compass  weight  2,  (ieflector  weight 
J^  was  8?74  E  or  8"^  W  E,  (Utitude,  6''  01'  S;  longitude,  98""  30'  W),  as  given  m  the  Table 
of  Results  (p.  104).    The  standard  oompass,R3G,  was  given  weight  2  as  compared  with 
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weight  1  for  sea  deflector,  D2,  because  the  deviation-corrections  were  much  more  strongly 
determined  for  the  former  instrument. 

As  seen  from  Table  3,  page  55,  the  4  sets  of  p.  m.  observations,  with  instrumental 
corrections  applied,  were  +9?05  and  +9?23,  respectively,  for  standard  compass  and  sea 
deflector.  Since  the  course  was  again  WSW,  the  deviation-corrections  were  the  same  as  for 
the  a.  m.  observations,  viz:  —  0?08  and  —  0?21  respectively.  The  final  results  were  8?97  E 
for  the  standard  compass  (R3C)  and  9?02  E  for  the  sea  deflector  (D2),  the  weighted  mean 
being  8?99  E,  or  8°  59'  E  (latitude  5''  41'  S;  longitude,  99''  55'  W).  For  explanation  of 
instrumental  corrections  see  page  62. 

It  wUl  be  observed  that  whereas  the  range  in  the  corrected  values  of  the  declination 
(see  last  column  of  tables),  is  about  1^  for  the  a.  m.  observations  when  the  vessel  was  rolling 
from  side  to  side  30^  and  more,  it  is  but  0?3  for  the  p.  m.  observations,  although  the  roll  of 
the  vessel  was  20^.  When  it  is  considered  that  a  single  value  of  the  dght  a.  m.  or  p.  m. 
sets  depends  upon  observations  made  during  an  interval  of  time  of  about  one  minute,  the 
results,  under  IJie  conditions  encountered,  must  be  regarded  as  very  satisfactory. 

The  horizontal-intensity  observations  with  sea  deflector  2  (D2),  given  on  page  49 
are  presented  in  detail  for  two  of  the  four  sets,  with  each  magnet  2L  and  45,  but  for 
the  other  sets  only  the  mean  results  are  given  in  Table  4,  viz,  the  two  sets  below  the 
detailed  results  for  each  magnet.  These  observations  were  computed  on  Form  25,  as 
shown  on  page  38,  using  the  final  value  of  log  mC  as  given  on  page  64.  The  value  of  H 
resulting  from  the  computation  was  0.3282,  which  became  0.3304,  when  the  deviation- 
correction  -1-0.0022,  page  92,  was  applied.    The  results  in  detail  are  shown  in  Table  4. 


Table  4.— Fa2ue<  cj  HoritarUal  Jniennty  with  Sea  Deflector  S,  on  AprU  14, 1908,  P.  M. 

(Latatude,  6«  41'  S;  lonsitude,  W  65'  W.) 


Magnet 

Set 

H 

Magnet 

Set 

H 

2L 

1 
2 
3 

4 

c.  g.  9. 

.3292 
78 
84 
81 

46 

1 
2 
8 

4 

e.  g,  9, 

.8280 

75 

82 

80 

Mmh 

.3284 
+22 

Mean 

.8281 
+22 

Deviation-oorTeotion . 

Deviation-oorreotion . 

Corrected 

H 

.3306 
Mean 

0.3304 

.3303 

The  total-intensity  observations  given  on  pages  50-52  were  computed  on  Form  25a, 
as  explained  on  pages  42-43.  Final  values  of  log  C4  and  log  Ci,  given  in  Table  18,  page  70, 
were  used  in  making  this  computation.  The  final  results  for  long  and  short  distances  were 
respectively:  0.3270  and  0.3266,  the  mean  giving  0.3268  for  the  horizontal  intensity  by 
deflections,  while  0.3267  was  the  result  by  the  loaded  needle.  In  this  case  the  deviation- 
corrections  were  -1-0.0026  and  -1-0.0008,  respectively,  giving  the  final  values  of  0.3294  by 
deflections  and  0.3275  by  loaded  needle.  The  final  weighted  mean  of  the  three  values  of 
the  horizontal  intensity,  0.3304  by  deflector,  weight  3,  0.3294  by  dip-circle  deflections, 
weight  2,  and  0.3275  by  dip-cu*cle  loaded  needle,  weight  1,  was  0.3296  (latitude,  5''41'S; 
longitude,  99°  55'  W),  as  given  m  the  Table  of  Results  (p.  104). 

The  satisfactory  accord  in  the  three  values  of  H  shows  how  completdy  successful 
were  the  attempts  to  make  the  sea  dip-circle  available  for  total-intensity  observations,  even 
in  the  lowest  magnetic  latitudes,  and  to  devise  as  well  an  instrument,  the  sea  deflectoi, 
for  measuring  directly  horizontal  intensity. 
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From  the  dip-circle  observations  given  on  pages  51-54,  four  values  of  the  inclination 
were  obtained.  The  results  in  detail,  showing  the  various  corrections  applied,  are  given 
in  Table  5. 

Table  5.— Values  of  the  MagneHc  IndinaHan  an  April  14, 1908,  P.  M. 

(Latitude,  b""  AV  S;  longitude,  W  66'  W.) 


Instrument  and  method 

Obs'd 
Ind'n 

Instrl 
Corr'n 

Reduced 
Ind'n 

Deviation 
Corr'n 

Corr'd 
Ind'n 

Weight 

D.  C.  180.  needle  6.  reffular  diD 

o 

-0.24 
-0.68 
-0.28 
+0.02 

e 

+0.05 
+0.06 
-0.14 
-0.12 

0 

-0.19 
-0.63 
-0.42 
-0.10 

o 

+0.26 
+0.26 
+0.25 
+0.26 

e 

+0.06 
-0.28 
-0.17 
+0.16 

2 
2 
1 
1 

D.  C.  189.  needle  6.  resular  din 

D.  C.  189,  needle  3,  deflected  dip,  long  diitanoe — 
D.  C.  189,  needle  3,  deflected  dip,  short  distance . . . 

Weighted  means. 

-0.33 

+0.26 

-0.08 

The  quantities  in  the  column  **  Instrumental  correction"  were  derived  from  Table  16, 
page  69.  The  deviation-correction  +  0?25  is  computed  on  page  92.  Next,  the 
weighted  mean  was  taken,  giving  to  each  of  the  values  by  needle  3  a  weight  of  1,  and  to 
the  values  by  5  and  6  a  weight  of  2  each.  The  resulting  value  of  the  inclination  is  —  OTOS, 
or  0^  05'  S,  thus  showing  that  the  point  of  observation  (latitude,  5^  41'  S;  longitude, 
99^  55'  W)  was  at  the  time  practically  on  the  magnetic  equator. 

SXTIOCABT  OF  ReSUI/PS  OF  OBSERVATIONS   MaDE   ON   COUBSB,  APRIL  14,  1908. 

Summarising,  we  have  the  results  given  in  Table  6. 

Tablb  fi.^RetulU  qf  MagneUe  ObeenaUone  on  April  14, 1908. 


SUtion 

Lfttatude 

Long. 

Eftat 

ofGr. 

Declination 

Inclination 

Horiaontal  Intenai^ 

L.M.T. 

Value 

Inetr. 

Obe'r 

P* 

L.M.T. 

Value 

Instr. 

Obi'r 

J^ 

UM.T. 

Value 

Instr. 

Oba'r 

H^ 

187  G  np 

188  G  III* 

o     / 

6  OlS 
Wei^te 

o         / 

261  30 

h 
6.3 
6.3 

o 

8.76  E 
8.72E 

R3C 
D2 

WJP 
PHD 

2 

1 

h 

o 

h 

e.a*  •• 

1 
d  mean 

8.74  E 
(8*»  44'  E) 

6  418 

360  05 

16.0 
16.0 

8.07E 
0.02E 

R3C 
D2 

WJP 
DCS 

2 

1 

16.0 
16.0 
16.0 
16.0 

+0.06 
-0.28 
-0.17 
+0.16 

n80.6 
•180.6 
n80.3L 
^80.38 

PHD 
PHD 
PHD 
PHD 

2 
2 

1 
1 

16.0 
16.0 
16.0 

.3304 
.3204 
.3276 

•D2 

nso.A^SL 

»»180.^ 

DCS 
PHD 
PHD 

8 

2 
1 

1 

8.00E 
(8'60'E) 

-0.08 
(0*  06'  8) 

.3206 

H>mn^  W8W;  roO.  30*;  aea  M;  weather,  be. 

K^oorM,  W  for  ineUnation  and  inteoeity  obeenrations.  For  the  declination  obsenrationa  it  was  neeessary  to  change  thg 
ooarsa  to  W8W  in  cunder  that  the  Sun  would  not  be  obscured  by  masts  or  rigging.  Roll,  20*  during  declination  obsenrationib 
and  30^  wUle  inclination  and  intensities  were  being  observed;  sea,  M;  weather,  be. 

"This  is  the  combining  weight  for  use  when  taking  the  weighted  mean  of  individual  values.  It  is  not  to  be  nonfiisid 
with  the  "weif^t"  which  appears  in  the  Table  of  Results  (p.  104).  The  latter  is  intended  to  give  an  approximate  measure 
id  the  rsBafaOity  of  a  result  aooording  to  oonditions  enoountered.  Thus,  to  the  results  on  April  14, 1008  a  weight  of  2  was 
la  the  table  (see  explanation,  p.  06). 

«8ea  dip-eirole  180,  needle  6,  regular  dip. 

■Sea  dip-drele  180,  needle  6,  regular  dip. 

^Bea  dip-cirde  180,  needle  8,  deflected  dip,  long  distanee. 

«8ea  dip-cMe  188,  needle  8,  deflected  dip,  short  distance. 

^Bea  dsfleeter  3. 

*8ea  dip-eirole  180,  defleetion  observations,  needles  8  and  4,  short  and  long  dislanot. 
dip-eMe  180.  load«l-dip  obsvvations,  needle  4. 
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SHORE  MAGNETIC  WORK. 


Mention  occurs  on  page  15  of  shore  magnetic  observations  being  made  at  eveary  port 
visited  by  the  vessel.  Specimens  of  the  usual  land  observations  will  be  found  in  Volume  I, 
pages  30-41.  The  corrections  for  the  various  instruments  on  the  adopted  standards  will  be 
found  on  pages  76-77. 

The  results  of  the  shore  observations  and  descriptions  of  stations  are  given  on  pages 
105-114. 

DETERMINATION  OF  GEOGRAPHIC  POSITION  AT  SEA. 

General  Methods. 

It  would  avail  little  to  strive  for  the  highest  accuracy  in  the  values  of  magnetic  elements 
at  sea  if  the  corresponding  geographic  position  were  not  well  determined  at  the  same  time. 
There  are  regions  in  the  Pacific,  as  well  as  in  other  portions  of  the  globe,  where  the  magnetic 
declination  and  inclination  vary  almost  as  rapidly  as  the  geographic  coordinates  expressed 
in  the  same  imits.  It  is  therefore  of  vital  importance  to  secure  the  closest  approximation 
possible  to  the  true  geographic  position  corresponding  to  the  time  of  the  magnetic  results, 
particularly  at  sea,  where  Uie  ship's  position  is  changing  continuously.  If  it  were  possible 
to  determine  simultaneously  both  geographic  coordinates  at  the  middle  of  the  magnetic 
observations,  or  at  instants  whose  mean  would  correspond  to  the  middle  of  the  magnetic 
observation,  the  problem  would  be  comparatively  simple  and  the  desired  accuracy  might 
be  readily  secured. 

Opportunities  for  simultaneous  determinations  of  both  coordinates  have  sometimes 
occurred  for  several  days  in  succession,  when  either  the  Moon  or  some  very  bright  star, 
visible  in  daylight,  was  favorably  situated  with  regard  to  the  Sun  about  the  middle  of  mag- 
netic observations.  Such  opportunities  are  never  missed,  as  the  geographic  position  thus 
determined  is  final,  if  the  chronometer  rate  assumed  is  found  to  have  been  satisfactory. 
Usually,  however,  as  the  Sun  only  is  available  in  the  day,  and  stars  only  during  twilight, 
since  the  horizon  is  lost  in  the  later  darkness,  the  geographic  coordinates  must  be  deter- 
mined, in  succession,  as  the  Sim  changes  in  azimuth  and  as  the  ship  sails  from  point  to  point. 
The  customary  procediure,  therefore,  has  been  to  observe  the  Sim's  altitude  in  the  morning, 
at  noon,  and  in  the  afternoon,  and  the  altitudes  of  stars  at  dusk.  The  ship's  changes  of 
position  during  the  day  were  determined  from  the  course  or  courses  sailed  and  the  distances 
recorded  by  a  taffrail  log.  Whenever  feasible  the  altitudes  of  three  different  stars  were 
observed,  to  eliminate,  as  far  as  possible,  both  instrumental  and  observational  errors. 

The  geographic  position  at  the  time  of  magnetic  observations  was  determined  by  computing 
the  changes  in  latitude  and  longitude  from  the  preceding  position  fixed  by  astronomic 
observations,  then  noting  the  differences  in  the  latitude  and  longitude  of  the  following 
astronomic  station,  as  computed  by  the  course  and  distance  run  (the  dead  reckoning),  and 
as  given  by  the  astronomic  observations.  These  errors  of  run  in  latitude  and  longitude 
were  distributed  over  the  distance  run  proportionally  to  the  time  elapsed.  Such  distribu- 
tion of  the  error  of  dead  reckoning  is  based  on  the  assumption  that  the  causes  producing  the 
error,  be  it  current,  drift,  leeway,  or  bad  steering,  are  constant  throughout  the  period  con- 
sidered. 

Thus,  on  April  14,  1908,  there  were  magnetic-declination  observations  (see  p.  47) 
about  6  a.  m.,  ship's  time,  followed  by  two  altitudes  of  the  Sun  about  9  a.  m.,  two  latitude 
observations  at  noon,  and  two  altitudes  of  the  Sun  in  the  middle  of  the  magnetic  observa- 
tions. The  altitudes  were  taken  in  each  case  by  observers  D.C.S.  and  P.H.D.  Finally, 
altitudes  of  Canopus,  Jupiter,  and  Rigel  were  measured  at  twilight,  thus  completely  con- 
trolling the  changes  in  latitude  and  longitude  throughout  the  day. 
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Fcnm. — As  in  the  magnetic  observations  and  computations,  forms  are  also  used  in  the 
work  of  determining  the  ship's  position.  Th^  not  only  lead  to  a  systematic  record  of  the 
observations  and  computations,  but  are  also  great  aids  to  the  computer  and  reviser.  Three 
forms  are  used:  one  for  the  decid  reckoning,  one  for  the  longitude,  and  one  for  the  latitude. 
This  method  of  navigation  lends  itself  readily  to  the  subsequent  operations  of  correcting 
the  positions  for  both  the  error  in  the  course  and  distance  sailed  and  for  the  error  in  the  chro- 
nometer rates  used  at  sea.  Latitude  observations  were  usually  made  by  three  observers 
with  different  sextants,  following  the  usual  practice  at  sea  of  noting  the  maximum  altitude 
at  noon.  Sun-longitude  observations  were  usually  made  by  at  least  two  observers  with 
different  sextants,  six  altitudes  in  rapid  succession  being  measured  by  each  observer. 
When  three  stars  were  available  at  twilight  observations,  two  or  three  altitudes  of  each  one 
were  measured  in  succession,  followed  by  an  equal  number  of  altitudes  of  the  same  stars 
taken  in  the  reverse  order,  so  that  the  mean  altitude  of  each  star  corresponded  very  closdy 
to  the  same  instant.  In  order  to  expedite  the  work,  readings  were  entered  directly  on 
the  forms  by  a  recorder,  who  also  noted  the  times.  Both  before  and  after  observations, 
the  time-piece  used  was  compared  with  the  chronometer  sdected  as  a  standard,  and  as  all 
the  chronometers  were  also  intercompared  daily  it  was  possible  to  determine  the  longitude 
by  each  one  separately.    This,  in  fact,  has  been  done  in  the  office  revision. 

Before  leaving  port  the  chronometer  rates  were  determined  by  comparison  with  stand- 
ard-time signals,  or  by  local  time-determinations  with  sextant  and  artificial  horizon  at 
intervals  of  seven  to  ten  days.  The  rat^  thus  determined  were  accepted  and  used  until 
the  next  port  was  reached,  when  the  errors  resulting  from  the  accepted  rates  were  deter- 
mined and  the  preceding  longitudes  were  corrected  accordingly.  Every  longitude  of  a 
magnetic  station  at  sea,  therefore,  depends  upon  the  controlled  rates  of  from  three  to  five 
chronometers. 

The  value  of  the  dip  of  the  sea  horizon  received  considerable  attention.  When  pos- 
sible, back  altitudes  through  the  zenith  to  the  opposite  horizon  were  measured,  but  the 
application  of  this  method  was  restricted  practically  to  altitudes  of  the  Sun  in  the  equatorial 
r^gicms.  On  Cruise  III  of  the  Galilee  the  dip  of  the  horizon  by  the  Pulfrich  dip-measurer  was 
applied  to  each  altitude  observed  in  daylight.  Occasionally  also  on  this  cruise  altitudes 
were  attempted  with  the  gyroscopic  octant  constructed  by  Ponthus  and  Therrode,  but  the 
operation  was  found  to  be  so  difficult,  owing  to  the  motion  of  the  ship,  that  this  method  was 
soon  abandoned.  On  a  larger  and  steadier  vessel  this  instrument  might  be  more  practical. 
It  may  be  stated  here  that  the  many  checks  on  the  altitudes  measured  during  Cruises 
n  and  m  oi  the  OdUleef  and  the  observations  with  the  Pulfrich  dip-measurer,  gave  no  indi- 
cation of  abnormal  refraction  or  apparent  dip  of  the  horizon  beyond  the  limits  of  precision 
o(  the  instruments  used.  However,  it  must  be  admitted  that  sextant  observations  oa  the 
OalUeey  where  checks  on  the  altitudes  were  available,  were  made  mostiy  upon  the  deep  sea 
and  in  regions  where  tha^  was  no  very  large  difference  between  sea-temperatures  and  air- 
temperatures. 

Sextant  index-corrections  were  determined  eveary  few  days  by  star-methods  or  Sun- 
methods. 

Specimen  observations  for  the  determination  of  geographic  position  will  be  found  given 
in  connection  with  the  work  of  the  Carnegie  (see  pp.  226-230).   . 

AccxmACT  OF  Positions  at  Sba. 

Accuracy  of  geographic  positions  is  dependent  on  so  many  factors  that  it  is  quite  impos- 
sible to  define  it  by  exact  figures  based  on  any  one  investigation  of  numerical  results.  The 
first  consideration  would  naturally  be  the  magnitude  of  the  probable  error  of  the  measured 
altitudes,  and,  if  the  observation  were  a  meridional  one,  this  probable  error  would  be  the 
probable  error  of  the  resultant  latitude  at  the  instant  of  observation.  But  as  it  rarely 
happens  that  this  instant  oonreflponds  to  the  time  d  a  magnetio  obeervatioQ,  the  observed 
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latitude  must  be  altered  by  a  quantity  which  depends  upon  the  run  of  the  ship  between 
observed  latitude  and  the  place  of  the  magnetic  observations. 

The  error  in  run  may  be  controlled  by  the  astronomic  observations  immediately  pre- 
ceding and  following  the  magnetic  observations.  This  procedure  is,  in  fact,  the  method 
employed  in  the  ocean  work.  But  in  attempting  to  assign  limits  of  accuracy  we  are  again 
confronted  with  the  error  in  this  control  which  depends  on  stability  of  speed  and  direction 
of  ocean  currents,  and  upon  constancy  of  leeway  and  steering.  Again,  if  the  observed 
Sim  or  star  be  east  or  west  of  the  meridian,  there  is  an  additional  uncertainty  introduced 
by  the  unknown  error  in  the  assumed  chronometer-rate.  This  error,  however,  need  not 
be  considered  in  the  case  of  the  Galilee  and  Carnegie^  since  it  was  controlled  by  time  compar- 
isons  at  every  port  available  for  the  purpose,  and  was  distributed  back  when  appreciable. 
An  investigation  of  some  of  the  three-star  determinations  of  the  ship's  position  made  on  the 
OalUee  indicates  that  if  the  Sim  or  star  be  favorably  situated  and  the  weather  and  sea  con- 
ditions fair,  the  average  error  to  be  expected  in  the  determination  of  the  geographic  position 
is  less  than  2  miles.  The  error  in  the  control  of  the  ^'  error  of  run''  is  usually  insignificant  if 
the  controlling  astronomic  observations  are  not  more  than  6  hours  apart.  This  has  usually 
been  the  case  in  the  Galilee  and  Carnegie  observations,  except  in  high  latitudes,  where  fog 
and  clouds  prevail.  Of  course,  there  are  exceptional  times  when  no  astronomic  observa- 
tions are  possible  for  several  days.  The  geographic  positions  for  the  results  of  magnetic 
inclination  and  intensity  are  then  more  or  less  uncertain.  In  the  case  of  magnetic-declina- 
tion results,  however,  the  Sun  or  star  that  serves  for  the  declination  observations  usually 
permits  of  at  least  a  fairly  good  determination  of  position.    (See  PL  2,  Fig.  4.) 

REDUCTION  FORMULE  AND  DETERMINATION  OF  CONSTANTS. 

CONSTANTS  AND  CORRECTIONS  FOR  SEA  INSTRUMENTS. 

The  instrumental  constants  and  reductions  to  standards  (see  p.  77)  of  the  sea  instru- 
ments used  in  the  Galilee  work  were  determined  at  Washington  and  at  the  various  ports 
visited  by  comparison  with  standardized  land  instruments.  The  method  adopted  in  these 
comparisons  was  that  of  simultaneous  observations,  except  during  the  earlier  work,  when 
the  method  of  alternate  observations  was  used.  In  order  to  refer  values  of  the  magnetic 
elements  at  one  observing  station  to  any  of  the  other  stations,  station-differences  were  care- 
fully determined  at  each  port  from  the  observations  with  the  land  instruments,  following 
the  methods  described  in  Volume  I  (pp.  19,  20). 

Declination  Observations. 

Standard  compass  and  azimvih  circle. — ^For  specimen  declination-observations  with  the 
standard  Ritchie  compass  and  azimuth  circle  on  board  ship,  and  the  corresponding  compu- 
tations, see  pages  47-48  and  55.  The  purely  instrumental  corrections  for  the  compass  and 
azimuth  circle  arise  from  (1)  card-graduation  error  and  eccentricity  of  card  mounting,  (2) 
index  error,  and  (3)  lack  of  correct  adjustment  of  the  azimuth-circle  attachments.  Card- 
graduation  errors  and  index  errors  were  determined  at  shore  stations  by  observing  the  mag- 
netic azimuths  of  a  series  of  6  or  more  marks  in  the  horizon,  t.  e.,  at  altitude  practically  0°, 
the  marks  being  selected  to  give  as  nearly  equal  angular  distribution  as  possible.  The  mag- 
netic azimuths  were  controlled  by  simultaneous  declination-observations  with  a  standardized 
magnetometer  at  a  second  station.  For  each  instrument  the  total  periodic  errors  of  the  com- 
pass-card readings,  determined  in  this  way  at  a  number  of  stations,  were  plotted  with  the 
total  errors  as  ordinates  and  card  readings  as  abscissse,  and  a  mean  curve  was  drawn.  The 
mean  ordinate  of  the  resulting  graph  represents  the  index  correction,  x,  of  the  compass  and 
azimuth  circle,  for  altitude,  h  =  0^;  the  ordinates  of  the  graph  referred  to  a  new  axis  of 
abscissse  at  a  distance  x  from  the  old  one  are  the  purely  periodic  corrections,  €.  The  cortex 
tions,  Agt  or  A^  i  arising  from  any  lack  of  correct  adjustment  of  the  azimuth-drde  attachments 
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for  the  method  of  sighting  used,  vis,  prism  or  alidade,  may  be  rq>resented  by  the  formula 
(see  pp.  134-140) 

Ap^GT  Am  ^x  +  y  tail h+z  tank  tan  ^+w  tan h Bee ^ 

in  which  x  is  the  index  correction  as  above  determined,  h  is  the  altitude  of  the  celestial  body 
observed,  and  y,  z,  and  w  are  coefficients  which  may  be  determined  by  least-square  adjust- 
ment of  a  number  of  observations  at  different  altitudes.  The  data  for  the  establishment 
of  such  a  formula  for  the  azimuth  circle  of  each  compass  were  secured  at  the  shore  stations 
from  series  of  observations  made  on  the  Sun  with  this  instrument  to  determine  the  magnetic 
declination.  The  absolute  values  of  the  magnetic  declination  were  determined  from  obser- 
vations with  the  standardized  magnetometer.  Depending  upon  the  sighting  device  (prism 
or  alidade)  used,  the  total  correction  then,  is  either  €  +  A,,  or  e  +  ii«e- 

Each  of  the  terms  making  up  the  total  correction  to  observed  card-reading,  viz,  c 
and  ApgOr  Am,  is  given  separately  in  this  section  for  each  compass  and  azimuth  circle. 
The  9igns  attached  are  in  the  sense  of  continiuyus  gradiuUion  from  the  south  point  as  (f  through 
S6(f  in  a  clockwise  direction;  therefore  all  card  readings  in  the  southwest  and  northeast 
quadrants— that  is,  all  readings  from  S  to  S  90''  W  (or  W)  and  from  N  to  N  W  E  (or  E)— 
must  be  numerically  increased  when  the  sign  given  for  €,  A^y  or  A^c  is  plus  (+)>  while  all 
card  readings  in  the  other  two  quadrants  must  be  numerically  decreased  when  the  sign 
given  for  e,  il^s,  or  A^  is  plus  (+),  and  vice  versa. 

Standiiard  Ritchie  compass  29971  wiih  azimvih  circle  SB?-!!!  {RIA). — ^The  prism  method 
alone  was  used  with  this  equipment,  which  was  on  board  during  Cruise  I.  The  corrections 
were  included  and  applied  in  the  ship's  deviations,  comparisons  having  been  made  directly 
between  declinations  observed  on  board  and  corresponding  values  observed  on  shore  with 
the  standardized  magnetometer. 

Standard  Ritchie  compass  29971  with  anmuth  circle  US-III  (£i£).— The  adopted 
periodic  corrections  to  observed  card-readings  of  compass  RIB,  used  on  Cruise  II,  are  as 
foUows: 

Tabli  7. — Periodic  Correetion$  to  Card  Reading$  (ff  Compasi  RIB. 


Cmid 

Card 

Card 

Card 

Raftdinc 

€ 

Reading 

€ 

Reading 

€ 

Reading 

c 

Soath 

e 

-0.00 

W«0t 

o 

+0.08 

North 

o 
-0.11 

Eait 

o 
+0.07 

SIO^W 

-   .03 

N80»W 

+  .06 

NIO^E 

-   .10 

BSff'E 

+  .02 

S20*W 

+  .03 

N70*»W 

+   .04 

N20»E 

-   .05 

S70*E 

-   .03 

S80»W 

+  .08 

N60«W 

+   .01 

N3a»E 

+   .04 

seo^'E 

-   .09 

840»W 

+  .12 

N6a»W 

-   .02 

N40»E 

+   .12 

S6a>E 

-   .14 

SWW 

+  .14 

N40»W 

-   .04 

N60»E 

+   .18 

BAXfE 

-   .19 

S60*W 

+  .15 

N30»W 

-   .06 

N60»E 

+   .18 

BdO^E 

-   .21 

87a*W 

+  .14 

N20»W 

-   .09 

N70»E 

+  .16 

S2a>E 

-   .20 

880»W 

+   .11 

N10«»W 

-   .10 

N80«E 

+   .12 

S10*E 

-   .16 

The  correction,  Ap.,  to  observed  card-readings  by  the  prism  method  was  foimd  to  be 
independent  of  the  Sun's  altitude,  but  there  were  two  marked  changes  in  its  value;  the 
values  adopted  are 

A^  =  +1?10  from  February  14  to  April  25,  1906 
A^  =  -0?62  from  May  10  to  May  18,  1906 
A^  =  +0?18  from  May  20  to  October,  1906 

Tlie  adopted  correction,  ii«,  to  observed  card-readings  by  the  alidade  method,  deduced 
from  a  least-square  adjustment  of  all  available  data,  varies  with  the  Sun's  altitude,  A,  and 
18  given  by  the  formula 

il«-  +  0?13+0?00  tan  A-l?06  tan  h  tan-  +0?30  tan  h  sec^ 
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Standard  Ritchie  compass  99499  with  azimuth  cvrde  481-111  {RSC). — ^The  adopted 
periodic  corrections  to  observed  card-readings  of  compass  RSC,  used  on  Cruise  III,  are 
given  in  Table  8. 

Table  8.— Pmodic  Camdian$  to  Card  Readmgi  nf  Compa99  RSC, 


Card 

Caid 

Caid 

Card 

Readinc 

c 

Reading 

c 

Reading 

c 

Reading 

c 

South 

o 
+0.06 

W«0t 

o 
+0.02 

North 

o 

-0.07 

East 

e 

-0.03 

SIO^W 

+   .08 

N80«W 

+   .01 

NIO^B 

-   .06 

S80»E 

-   .06 

sao»w 

+   .08 

N70»W 

-   .01 

Nao<*E 

-   .04 

8  70*E 

-   .07 

S30»W 

+   .07 

N60*W 

-   .03 

N30<»E 

.00 

860»B 

-   .08 

S40*»W 

+  .07 

N60*»W 

-   .04 

N40»E 

+   .03 

S60»E 

-   .07 

S60"W 

+  .06 

N40»W 

-   .06 

N60>E 

+  .06 

840»B 

-   .06 

S60»W 

+  .04 

N30»W 

-   .08 

N60»E 

+   .06 

sao^E 

-   .03 

S70»W 

+   .03 

N20»W 

-   .08 

N70»B 

+  .03 

S20*E 

+   .02 

880«W 

+   .03 

NIO^W 

-   .08 

N80»E 

.00 

Bl(fE 

+  .04 

The  value  adopted  for  the  correction,  A^,  to  observed  card-readings  by  the  prism 
method  is  for  all  altitudes 

il^=-|-0?28 

The  adopted  correction  to  observed  card-readings  by  the  alidade  method,  deduced  from 
a  least-square  adjustment  of  all  available  data,  varies  with  the  Sun's  altitude,  hf  and  is 
given  by  the  formula  (see  p.  140) 

il«=  +0?06-l?68  tan  fc-l?17  tan  h  tan|  -|-1?76  tan  h  sec| 

Negus  compass  SI 974  with  Negus  azimuth  circle  (Dl). — ^Declinations  obtained  by  this 
compass  and  azimuth  circle  during  Cruises  I,  II,  and  III  (to  July  18, 1907)  were  used  only 
as  checks  upon  values  by  compasses  RIA,  RIB,  and  RSC. 

RUchie  compass  SS666  with  azimuth  circle  438-111  (DS). — ^The  adopted  periodic  cor- 
rections to  observed  card  readings  of  compass  D2,  used  on  Cruise  III  b^inning  August 
1907,  are  given  in  Table  9. 

Table  0. — Periodic  Correeiiofu  to  Card  Roadinge  cf  Compaa  D9, 


Caid 

Card 

Card 

Card 

Reading 

c 

Reading 

c 

Reading 

c 

Reading 

c 

South 

o 

-0.02 

West 

o 
-0.10 

North 

e 
+0.13 

Eaet 

-0.06 

S10»W 

-   .01 

N80»W 

-   .10 

N10»E 

+   .14 

BWJ& 

-   .09 

820»W 

-   .01 

N70»W 

-   .08 

N20»E 

+   .14 

S70*E 

-   .12 

S30«W 

-    .02 

NOO^W 

-   .06 

NSO^E  f 

+   .12 

S60»E 

-   .14 

S40«»W 

-   .03 

N60»W 

-   .02 

N40<'E  1 

+   .09 

S60*E 

-   .13 

S60*»W 

-   .04 

N40»W 

+   .01 

N60*E 

+   .06 

S40<'E 

-   .11 

S60*»W 

-   .06 

N30»W 

+   .04 

N60«E 

+   .04 

830<»E 

-   .08 

S70»W 

-   .08 

N20»W 

+   .08 

N70«E 

+   .01 

S20*E 

-   .06 

S80»W 

-   .09 

NIO^W 

+   .10 

N80*E 

-   .02 

S10*E 

-   .08 

The  adopted  correction,  A^,  to  observed  card-readings  by  the  prism  method  is  for 
all  altitudes 

i4^  =  -  0?54 

The  adopted  correction,  A^^  to  card  readings  by  the  alidade  method,  deduced  from 
a  least-square  adjustment  of  all  available  data,  varies  with  the  Sun's  altitude,  A,  and  is 
given  by  the  formula 

il«=  -|-0?06-l?63  tan  fc+0?91  tan  h  tan^  +1?33  tan  ft  sec^ 
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Kebnn  compass  and  azimuth  instrument  (K). — Declination  results  by  the  Kelvin  dry 
compass  and  azimuth  instrument  were  for  the  most  part  experimental  and  were  used  only 
as  checks  upon  determinations  by  the  other  compasses  and  azimuth  circles. 

Hobizontal-Intensitt  Obsbryations. 

Sea  deflector  for  horvsontal4ntensity  observations. — Aa  shown  in  specimen  Form  25,  page 
38,  the  horizontal  intensity  is  computed  from  sea-deflector  observations  by  the  formula 

H     *"^ 


smil 


in  which  m  is  the  magnetic  moment  of  the  deflecting  magnet,  C  is  a  constant  involving  the 
deflection  distance  (r),  the  distribution  coefficients  (P  and  Q),  and  the  induction  factor 
Ai,  and  u  is  the  observed  angular  deflection  produced  by  the  deflecting  magnet  when  its  axis 
is  perpendicular  to  that  of  the  compass  card.  The  sea  deflector  is  a  relative  instrument 
and  values  of  the  so-called  constant,  mC  =  jff  sin  u,  must  be  determined  from  comparison 
horizontal-intensity  observations  made  at  shore  stations  with  standardized  absolute 
instruments.  The  constant,  mC,  is  subject  to  changes  arising  from  (1)  decrease  in  m  with 
time,  (2)  effects  of  temperature  variations  on  m  and  r,  and  (3)  effects  of  changes  in  vertical 
intensity,  Z.  In  the  Galilee  work,  except  as  noted  below  under  constants  for  Cruise  I,  all 
available  data  for  log  mC  were  subjected  to  a  least-square  adjustment  based  on  the  general 
formula 

log  mC=log  mC»  at  To+xAT+y(AT)*+g(20^-0 

in  which  r  is  the  epoch  of  observation  expressed  in  years,  tq  is  the  selected  reference  epoch. 
At  is  (r  —  To),  9  is  the  factor  representing  the  combined  c^ect  of  a  change  in  temperature  of 
1^  centigrade  on  m  and  C  (on  the  latt^  because  of  change  in  r),  and  t  is  the  temperature 
of  observation ;  the  standard  temperature  of  reference  is  20^  centi^tule.  Instead  of  deriving 
all  the  imknowns  in  above  equation  simultaneously,  it  was  found  better  to  make  a  separate 
determination  of  the  temperature  factor,  9,  selecting  the  observations  best  suited  for  this 
purpose.  The  final  results  were  arrived  at  by  a  process  of  successive  approximations,  in 
the  last  steps  of  which  {  was  treated  as  a  constant. 

As  will  be  noted,  the  general  form  contains  no  term  to  correct  for  effects  of  changes  in 
vmiical  intensity  (Z).  In  the  Galilee  work  it  is  reasonable  to  assume  that  such  effects  were 
at  no  time  in  excess  of  those  determined  for  the  improved  and  more  accurate  revolving- 
compass  pattern  of  sea  deflector  used  on  board  the  Carnegie.  In  the  case  of  that  instrument 
the  maximum  effect  (see  pp.  238r-230)  on  log  mC,  corrected  for  time  and  temperature,  was, 
for  the  extreme  range  in  Z,  of  the  order  0.0020,  which  is  equivalent  to  less  than  0.005H;  in 
general,  the  correction  for  the  AZ-effect  would  be  less  than  half  of  that  amount.  More- 
over, the  AZ-effect  was  partly  eliminated  by  the  introduction  of  the  (Ar)'-term  in  the  adjust- 
ment of  the  constant  observations  made  at  widely  distributed  ports.  It  is  a  fair  assumption 
therefore,  that  the  introduction  of  an  additional  term  in  log  mC,  to  correct  for  outstanding 
effects  of  changes  in  Z,  would  probably  not  change  the  values  computed  by  the  adopted 
formube  more  than  O.OOlSfT  in  the  extreme  case.  With  the  compasa-azinrnth-cirde  pat- 
tern of  sea  deflector  used  during  the  Galilee  cruises,  the  error  of  observation  at  sea  is  about 
of  the  order  0.002ff;  a  recomputation  is,  therefore,  not  warranted — especially  since,  in 
general,  the  values  given  in  the  present  volimie  are  the  means  of  both  deflector  and  dip- 
circle  determinations. 

Sea  d^flisctor  (Dl). — ^For  Cruise  I,  the  adopted  values  of  log  mC  are  the  means  of  all 
shore  observations,  the  available  data  being  insufficient  for  a  reliable  determination  of  a 
time-change  coefficient  for  the  short  period  of  this  cruise.  The  constants  adopted  from 
August  2  to  Deoeinber  13, 1906,  for  the  2  portions  of  the  deflecting  niagnets  in  thfi^ 
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viz, '' letters  up"  and  ''letters  down''  (designated  respectively  U  and  D),  and  at  the  short 
deflection-distances  are 

Magnet  45  {U)  log  mC  =  9.00673  +  0.00019(20^  - 1) 

Magnet  45  (D)  log  mC  =  9.00673  +  0.00019(20^  - 1) 

Magnet  NL(f7)  log  mC  =  8.94312  +  0.00016(20^  - 1) 

Magnet  NL(Z))  log  mC  «  8.94213  +  0.00016(20^  - 1) 

Values  of  horizontal  intensity  computed  with  those  constants  were  reduced  to  G.  I.  W. 
Standard  (see  p.  77)  by  applying  a  correction  of  —  0.00047H. 

For  Cruises  II  and  III  (to  July  1907),  the  constants  adopted  on  the  basis  of  C.  I.  W. 
Standard  (see  p.  77)  for  the  short  deflection-distances  are 

Magnet  45  (both  U  and  D)      log  mC  =  9.00519  +  0.00171Ar  -  0.00068(Ar)* 

+  0.00020(20^-0 

Magnet  NL  (both  U  and  D)    log  mC  =  8.94392  -  0.01627Ar  +  0.00369(Ar)« 

+  0.00015(20^-0 
in  which  Ar  =  r  -  1906.00. 

There  is  a  periodic  correction  to  log  mC  for  sea  deflector  1,  which,  however,  has  been 
treated  as  a  part  of  the  ship's  deviations,  since  it  depends  upon  the  orientation  of  t^e  lubber- 
line,  i.  e.,  the  heading  of  the  ship.  The  equation  for  Cruises  II  and  III  representing  the 
mean  value  of  that  correction  for  magnets  45  and  NL  is  therefore  given  merely  as  a  matter 
of  interest;  it  is 

S  log  wC  =  -  0.0002  sin  f  +  0.0003  cos  f  -  0.0006  sin  2f  -  0.0023  cos  2f 

where  {"  is  the  compass  reading  of  the  forward  lubber-line,  reckoned  continuously  from  norih 
throu^  east. 

Sea  deflector  IB  {D£). — ^The  constants  adopted  on  the  basis  of  C.  I.  W.  Standard  (see 
p.  77)  for  tike  period  August  1907  to  May  1908,  for  the  short  deflection-distances  are 

Magnet  45     log  mC  =  8.93126  -  0.00074At  -  0.00107(Ar)«  +  0.00020(20^  -  0 
Magnet  2L    log  mC  =  8.80412  -  0.00276Ar  +  0.00127(Ar)*  +  0.00017(20^  -  0 

in  which  Ar  =  r  —  1908.00.    It  should  be  noted  that  for  sea  deflector  2  each  magnet  had 
only  one  possible  position  relative  to  the  apparatus  when  mounted. 

As  in  the  case  of  sea  deflector  1,  there  is  a  periodic  correction  to  log  mC  for  sea  de- 
flector 2,  which  again  has  been  treated  as  a  part  of  the  ship's  deviations,  since  it  depends 
upon  the  orientation  of  the  lubber-line,  i.  e.,  the  heading  of  the  ship.  The  equation  repre- 
senting the  mean  value  of  that  correction  for  magnets  45  and  2L  is  therefore  given  merely 
as  a  matter  of  interest;  it  is 

d  log  mC=  +0.0001  sin  f- 0.0001  cos  f- 0.0005  sin  2f+ 0.0007  cos  2f 

where  {*  is  the  compass  reading  of  the  forward  lubber-line  reckoned  continuously  from 
north  tiurough  east. 

Inclination  Observations. 

Sea  dip-circle. — Specimen  observations  and  computations  for  the  determination  of 
inclination,  /,  by  the  sea  dip-circle,  from  both  the  dipping-needle  and  the  deflected-needle 
methods,  are  fully  shown  on  pages  50-54.  Values  for  dip-needle  corrections  were  deter- 
mined at  Washington  and  the  various  shore  stations  by  comparisons  between  the  sea 
dip-circles  and  standardized  dip-circles  or  earth-inductors.  Since  observations  on  board 
ship  were  made  frequently  with  one  polarity  only,  it  was  necessary  to  determine  the  so-called 
balance-error  arising  from  any  eccentricity  of  the  center  of  gravity  of  the  needle.  For  each 
needle  the  correction  due  to  that  error  is  determined  from  graphs  representing  the  quantity 

-^{Ia  -"^b)»  for  different  inclinations.    I^  is  the  inclination  observed  when  the  end  of  the 
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needle  marked  A  is  the  north-seeking  end,  and  Ib  is  the  corresponding  inclination  observed 
when  the  end  marked  B  is  the  north-seeking  end;  inclination  is  reckoned  as  positive  when 
the  north-seeking  end  of  the  needle  points  below  the  horizon.    Both  shore  and  sea  data 

were  utilized  for  the  determination  of  the  graphs  for  ~  (I a  —  Ib)-    In  addition  to  the  bal- 

ance  error  there  is  also  the  error  due  to  the  irregularity  of  the  pivots,  which  will  vary,  in 
general,  with  the  magnetic  field.  To  show  the  variation  of  the  dip-needle  correction,  A/, 
with  total  intensity,  F,  and  inclination,  /,  there  was  established  for  each  needle,  from  all 
available  comparison-data,  by  the  method  of  least  squares,  an  expression  of  the  following 
general  form  (see  Volume  I,  p.  45) : 

FA/  =  X  +  zcoal  +  ysial 

The  adopted  values  of  the  coefficients,  x,  z,  and  y,  for  each  needle  are  given  on  pages  66-69. 

Total-Intensity  Observations. 

Sea  dip^ircle. — ^As  already  stated  (pp.  21-22)  the  Lloyd-Creak  type  of  sea  dip-circle 
was  modified  after  Cruise  I  to  make  possible  the  use  of  Lloyd's  method  to  determine  the 
total  intensity,  F,  as  well  as  the  inclination,  /,  in  all  magnetic  latitudes.  Complete  speci- 
men observations  and  reductions  are  shown  on  pages  40-42,  and  50-52.  The  value  of  the 
horizontal  intensity,  H^  is  obtained  by  the  formula 

H  -  F  cos  / 

As  the  method  employed  is  a  relative  one,  it  is  essential  that  no  change  be  made  in 
the  weight  used  with  the  loaded-dip  needle,  and  that  its  position  be  not  shifted  during  a 
cruise  from  one  end  of  the  needle  to  the  other;  furthermore,  the  magnetism  of  the  loaded- 
dip  and  deflected  needles,  except  for  the  normal  changes  with  time,  must  remain  unchanged. 
The  reduction  formulae  for  the  total  intensity,  F,  are  as  given  below.  Replacing  F  by 
H  Becif  the  corresponding  expressions  for  H  are  derived. 

Loaded-dip  observations  only,                            F  =  C|  cos  7'  esc  u 
Deflection  observations  only,  F  —  C^  esc  ui 

Both  loaded-dip  and  deflection  observations,      F  =  C  Vcos  r  esc  u  esc  ui 

where  I'  is  the  loaded-dip  angle,  ui  is  the  single-deflection  angle,  u  =  I  —I^Ci'ia  the  loaded- 

K 
dip  constant  =  — ,  C«<  is  the  deflected-dip  constant  =  Kim^  and  C  is  the  combined  con- 
stant =  y/KKi.    The  constants  Ci  and  C^  involve  the  magnetic  moment,  m,  of  the  loaded 

dip-needle  and  are  both,  therefore,  subject  to  change  with  temperature  and  with  time. 
C|  furthermore  involves  the  induction  correction,  which  is  a  function  of  F.  Cd  is  affected 
also  by  changes  in  deflection  distances  caused  by  temperature  changes,  and  by  any  changes 
in  the  distribution  coefficients.  Two  deflection-distances,  designated  short  (S)  and  long 
(L),  are  provided  in  the  modified  sea  dip-circle  (see  p.  22),  and  thus  there  are  two  inde- 
pendent sets  of  constants.  There  are  also  two  positions,  designated  "direct"  (D)  and 
"reversed"  (R),  for  the  deflected  or  suspended  needle  during  deflection  observations; 
"direct"  position  means  that  the  face  of  the  deflected  needle  is  towards  the  face  of  the  ver- 
tical circle;  "reversed"  position  means  that  the  face  of  the  deflected  needle  is  towards  the 
back  of  the  vertical  circle.  Thus,  since  the  deflection  observations  on  board  ship  may  be  for 
one  distance  and  in  one  position  only,  the  constants  to  be  controlled  by  shore  observations 
are  C/,  C^d  for  S,  C^  for  S,  C^d  for  L,  and  C^  for  L.  Values  for  these  intensity  con- 
stants were  detennined  at  Washington  and  at  each  shore  station  visited  by  means  of 
comparisons  between  the  sea  dip-circles  and  standardized  land  magnetometers  and  dip 
instruments. 
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SbA  Dip-CiRCLB  GOBBBCnONB. 

The  adopted  inclination-corrections  and  intensity-constants  are  given  below  for  each 
sea  dip-circle.  All  corrections,  unless  otherwise  noted,  are  on  the  basis  of  C.  I.  W.  Stand- 
ards. The  inclination  corrections  for  the  dip  needles  apply  to  complete  dip  determina- 
tions by  both  polarities,  and  for  the  deflected  needle  to  dip  determinations  made  in  both 
''direct"  and  ''reversed"  positions.  For  the  sea  observations,  wh^i  the  dip  was  observed 
with  only  one  polarity  of  needle,  the  correction  to  obtain  the  mean  value  for  both  polarities 
is  taken  from  the  table  of  "half  polarity-differences."    Thus  (see  p.  64),  either 


I^Ib  +  ^{Ijl-Ib\ 


or  7«/^-i(/^-/3). 


AU  indination  values  are  referred  to  northrseeking  end  of  needle^  inclinaHon  of  north^seeking 
end  of  needle  helow  the  horizon  being  reckoned  positive.  AU  values  of  total  intensity  and  horir 
Montal  intensity  are  reckoned  positive;  values  of  the  vertical  intensity  are  given  the  same  signs  as 
the  corresponding  inclinations. 

Whenever  a  listed  needle  is  not  a  part  of  the  circle  to  which  reference  is  made  it  is  fol- 
lowed by  the  number  of  the  circle  to  which  it  belongs;  thus,  5  of  163  means  needle  No.  5 
of  dip  circle  No.  163.  The  quantities  AI  and  F  in  the  formula  are  always  expressed, 
respectivdy,  in  minutes  of  arc  and  in  c.  g.  8.  imlts. 

Sea  dip<%rde  SB. — Sea  dip-circle  35  (Dover  No.  168),  loaned  by  the  United  States 
Ck)a8t  and  Geodetic  Survey,  was  used  for  some  experimental  work  preceding  Cruise  I  and, 
after  being  reconstructed  (see  p.  21),  for  observations  on  board  the  Galilee  during  Cruises 
II  and  III  (to  July  1907).  The  dip  and  intensity  needles  for  this  instrument  are  listed  in 
the  inventory  of  instruments  (see  pp.  30-31). 

The  adopted  formuke  resulting  from  least-square  adjustments  of  all  available  data 
for  corrections  to  observed  inclinations  are  given  in  Table  10. 


Tablb  10.— 

Indinaium  CarreeHoru/or  Sm  DipXJireU  SB. 

Number  of — 

Deflec- 
tion 

Formula  for  Inclination  Conreetiona 

Suspended 

Defleoting 

Needle 

Needle 

tance 

For  obeervations  preceding  Cruiee  I 

land  2 

A/  -  -  2^0 

For  obeer 

▼ations  during  Cruise  II 

3 

PA^  -  —  1^-8  —  14'2  ^w«  /  +  4'0  sin  / 

5  of  103 

FA/--    2.7+    4.0  cos /- 2.7  sin/ 

ZD 

4of    851 

Short 

A/  -  +    7.2 

SR 

4of    36^ 

Short 

A/  -  +11.6 

SD 

4of    36^ 

Long 

A/  -  -    2.1 

3B 

4of    36^ 

Long 

A/  -  -    0.8 

3Z> 

8  of  103 

Short 

FA/  -  +  36.0  -  40.7  cos  /  -  3.4  sin  / 

SR 

8  of  103 

^ort 

FA/  -  +  84.0  -  40.7  cos  /  -  8.4  sin  / 

ZD 

8  of  103 

Long 

FA/--    1.9+    4.1  cos/  -8.4  sin/ 

BR 

8  of  103 

Long 

FA/--    1.1+    4.1  cos/  -3.4  sin/ 

SD 

4of  100^ 

%ort 

A/  -  +    7.6 

BR 

4of  109^ 

%ort 

A/  -  +    9.6 

SD 

4of  169^ 

Long 

A/  -  -    8.3 

3R 

4  of  169^ 

Long 

A/  -  -  12.9 

For  observations  ( 

d\]ring  Cruise  III  (to  July  1907) 

1 

FA/  -  +    2:7  -    lUcos/  -3'0  8in/ 

2 

FA/  -  +    9.2  —    94oo8/— 488in/ 

SD 

4 

Short 

FA/  -  +21.9  -  28.6  cos/  -  8.7  sin/ 

ZR 

4 

Short 

FA/  -  +  17.4  -  18.9  cos  /  -  9.4  sin  / 

ZD 

4 

Long 

FA/  -  +  18.4  -22.4  cos/  -9.2  sin/ 

ZR 

4 

Long 

FA/  -  +    8.0-    9.7  cos/  -3.4  sin/ 

^NeedlM  4  ddrola  85  and  109  wen  used  for  short  periods  only  (see  footnotes.  Table  12). 
ATsiliUble  data  are  insofMsnt  for  diowing  Tariation  of  A/  witii  F  and  /. 


Reductions  to  Standard  Instrumen'ts 
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From  Table  11,  the  ''half  polarity-differences''  are  obtamed  for  sea  dip-circle  35, 
based  on  all  available  data. 

Table  11,— Half  PoUirUwI>ifferenoe$  for  Sea  Dip^ircU  3S, 


tion 

l(/il-/A)f or  Needle 

2 

Inclina- 
tion 

5</il-/B)  for  Needle 

Indina- 
tion 

\  Ha  -Ib)  'or  Needle 

For  observations  during  Cruise  II 

No.  2 

No.  5  of 
163 

No.  2 

No.  5  of 
163 

No.  2 

No.  5  of 
163 

o 

+60 
+50 
+40 
+30 

9 

+0.5 
-2.0 
-4.0 
-5.5 

9 

+2.0 
+5.0 
+7.2 
+0.2 

o 

+20 

+10 

0 

-10 

9 

-  6.2 

-  6.4 

-  6.0 

-  5.2 

9 

+10.5 
+11.5 
+11.0 
+10.0 

e 

-20 
-30 
-40 

9 

-  4.0 

-  2.5 

-  1.0 

9 

+  8.8 
+  6.5 
+  4.0 

For  obsanrations  during  Cruise  III  (to  July  1007) 

No.  1 

No.  2 

1 

No.  1 

No.  2 

No.  1 

No.  2 

o 

+80 
+70 
+60 
+50 
+40 

+5.0 
+5.6 
+6.2 
+6.0 

+7.5 

9 

+3.8 
+2.5 
+1.2 
0.0 
-1.2 

o 

+30 
+20 
+10 
0 
-10 

1 

9 

+  8.2 
+  0.0 
+  0.8 
+10.5 
+11.2 

9 

-  2.5 

-  3.8 

-  5.0 

-  6.2 

-  7.5 

o 

-20 
-30 
-40 

+12.0 
+12.6 
+13.2 

9 

-  8.8 
-10.0 
-11.2 

The  adopted  formuls  resulting  from  leasinsquare  adjustments  of  all  available  data  for 
the  logarithms  of  the  total-intensity  constants  are  given  in  Table  12. 


Tabmm  12.— IfOmmiif  CmukmU  for  Soa  DijhCireU  SB, 


Number  of — 


Needle 


Defleeting 
Needle 


tion 
Dis- 


No.  of 


infl 
Loaded 
Needle 


Logarithms  of  the  Intensity  Constants 


For  obasrrations  during  Cruise  II;  Ar  ■  (r  —  1006.00) 


4^ 

8D 

%R 

ID 

tB 
8  01163 

ZD 

ZR 

ZD 

ZR 
4  01160* 

ZD 

ZR 

ZD 

ZR 


4 

Short 

4 

Short 

4 

Long 

4 

Long 

8  01168 

Short 

8  of  168 

Oiort 

8  of  163 

Long 

8  of  168 

Long 

4  of  160 
4  of  160 
4  of  160 
4  of  160 


Short 
Short 
Long 
Long 


6 


6of  35 


(T) 


C| 
Cg 
Cg 
Cg 
Cg 
Ci 

Ci 

C4 

Cg 
Cg 


0.76282 
0.46576 
0.46808 
0.81503 
0.81717 
0.67407 
0.52218 
0.52406 
0.38072 
0.80180 
0.42481 
0.50482 
0.50686 
0.85502 
0.35790 


-  0.00010 
+  0.00010 
+  0.00010 
+  0.00010 


+ 
+ 
+ 
+ 


0.00010 
0.00485 
0.02476 
0.02476 
0.07311 
0.07811 
0.00572 
0.01204 
0.01204 
0.00778 
0.00778 


(20* 

(20 

(20 

(20 

(20 

Ar  - 

At  - 

Ar  - 

Ar 

Ar 

Ar 

Ar 

Ar 

Ar 

Ar 


+ 
+ 


+ 
+ 
+ 
+ 


0 

0 

0 

0 

0 

0.00445 
0.05340 
0.05840 
0.06611 
0.06611 
0.00010 
0.00010 
0.00010 
0.00010 
0.00010 


(Ar)« 
(Ar)« 
(Ar)« 
(Ar)« 
(Ar)« 
(20*- 
(20- 
(20- 
(20- 
(20  - 


-0.00010(20* 

+  0.00010  (20 

+  0.00010  (20 

+  0.00010(20 

+  0.00010(20 

■0 

■0 

-0 

•0 

-0 


0 
0 
0 
0 
0 


For  obesrrations  during  Cruise  m  (to  July  1007);  Ar  -  (r  -  1008.00) 


4 

3D 

ZR 

ZD 

ZR 


4 
4 
4 
4 


Short 
Short 
Long 
Long 


Ci  -  0.78304  +  0.00187  Ar  -  0.01006  (Ar)*  -  0.00010  (20*-  0 
Cg  -  0.45004  -  0.01000  Ar  -  0.00870  (Ar)*  +  0.00010  (20-0 
Cg  -  0.46124  -  0.01000  Ar  -  0.00870  (Ar)*  +  0.00010  (20-0 
Cg  -  0.30057  -  0.00403  Ar  +  0.00520  (Ar)*  +  0.00010  (20-0 
C4  -  0.31177  -  0.00403  Ar  +  0.00520  (Ar)*  +  0.00010  (20-0 


ra 


*Aile  of  loaded-dip  needle  4  was  broken  during  swing  obesrvatioos  Feb.  16, 1006;  the  mean  obssried  Tallies  of 
tsnsity  eoostants  are  adopted  for  short  period,  during  whieh  needle  4  was  used  with  needle  8. 

•Loadid-dip  needle  8  of  eirela  168  was  raplaeed  at  Yokohama  Aug.  28, 1006,  by  needla  4  of  eirdt  100.   The 
lie  wwe  deisiiiiliieil  only  al  two  shore  itatiooi,  vis.  Tokio  and  San  Diego;  hioea,  aTtilafala  data 
foi  ikriilt  oodnrtita  nf 


«k 


OcEXN  MjLONsnc  Obbbtaxkhs,  UN&-16 


.^  AfHvvd^  l«St--8«  dqMXffe  ie»  vm  on^taMf  of  tke 
K^yt  ^)i«<)  iKKnUfbout  OiU9i»  I  as  ifcwed  bom  tlie  makser,  ailtwri, 
lii^a  cJtMrratk>Wi  c^^vuld  he  made  od^jr  at 
1^  iW  flren^Mr  fMt  9t  Onu»  I  (we  p.  19V    After  die 

i^^tM^  adt)^MiMa%»  <>if  all  araUble  dblsa  for  cuacnauaff  to 


<<k? 


Id 


•  -  iv  r 


c^iii^  tih^  !?m^  :»iiiii|pis  for  rwwmniii^  if  oa  :lii»  ywn'fwhn  ^sinic  ^^  ^iiiaD^  of  dap 
v^]>}^vaUQiiiS.^tb  !>vHb  >ilariu^iis  ^ill^q^littdbaft';lAtapfiali  rorOmaaXIL  firan.  arapte  bami 
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The  adopted  logarithms  of  the  total-intensity  constants  resulting  from  least-square 
adjustments  of  all  available  data  are  given  in  Table  16. 

Tablb  15.— /fOennfy  ComtanUfor  Sea  DijhCircU  169. 


Deflection 
Dietenoe 

No.  of 

Weif^tin 

Loeded 

Needle 

Logarithme  of  Inteniity  Conetente 

SmiMnded 
Needle 

Deflecting 
Needle 

For  obeanrationi  durinc  Crniee  I 

4 
ZDvadB 
4 

ZD 
ZB 
ZD 
ZB 

1 

1    * 

|c  •  0.50020  during  Aug.  2  to  23, 1005^ 

C|  -  0.41866  -  0.00012  (20»-  0  from  Aug.  24.  1005^ 

Ctf  -  0.60033  +  0.00012  (20-0  during  Aug.  24  to  Sept.  14,  1005^ 

C«  -  0.60238  +  0.00012  (20-0  during  Aug.  24  to  Sept.  14.  1005^ 

Cg  -  0.50564  +  0.00012  (20-0  from  Nov.  18,  1005^ 

Cg  -  0.50821  -f  0.00012  (20-0  from  Nov.  18.  1005> 

4 

One  only 

4 
4 
4 
4 

One  only 
One  only 
One  only 
One  only 

For  obe«nretione  during  CniiM  III;  Ar  •  (r  -  1008.00) 

8 

7D 

7B 

ID 

IB 

81 

Ci  -  0.67007  +  0.01204  Ar  -f  0.00666  (Ar)*  -  0.00010  (20»-  0 
Cg  -  0.50033  -  0.00704  Ar  -  0.00222  (Ar)*  +  0.00010  (20  -  0 
Cg  -  0.50120  -  0.00704  Ar  -  0.00222  (Ar)*  +  0.00010  (20-0 
Cg  -  0.85638  -  0.00610  Ar  -  0.00370  (Ar)>  +  0.00010  (20-0 
Cg  -  0.35722  -  0.00810  Ar  -  0.00370  (Ar)>  +  0.00010  (20-0 

8 
8 
8 
8 

Short 
Short 
Lcmg 
Long 

nrahMiof  ff  eompoted  by  then  eooetante  were  reduced  to  C.LW.  Stendard(eee  p.77)  l^yapplyingeoorreotionof  — 0.00047£r. 

Sea  dip<ircle  189. — Sea  dip-circle  189,  of  the  improved  type  and  provided  with 
arrangements  for  two  deflection  distances  (see  p.  22),  was  used  during  Cruise  III,  beginning 
at  Sitka,  August  1907.  The  adopted  formula  resulting  from  leastH9quare  adjustments  of 
all  available  data  for  corrections  to  observed  inclinations  are  given  in  Table  16. 

Tablb  16.~/neItfMifkm  Cantdiont  far  Sea  DijhCvrcU  189. 


Number  of — 

Defleo- 
tion 
Die- 

tenee 

pQq;Mnded 

Needle 

Defleoting 
Needle 

6 

0 

ZD 

ZB 

ZD 

ZB 

FAI  -  -0.7  +1.6ooe/  -2.4ainl 
FA/  -  -  1.1  +2.1ooe/  -  1.2einl 
FA/  -  -  3.4  +  0.8  ooe  /  +  1.0  ein  / 
FA/  -  -4.0  +  1.0ooe/  +2.0ain/ 
FA/  -  -  1.8  -  0.8  ooe  /  -  0.5  ein  / 
FA/  -  -  1.1  -  1.8 ooe/  +0.2  ein/ 

4 
4 
4 
4 

Short 
Short 
Long 
Long 

The  adopted  half  polarity-differences,  determined  from  graphs  based  on  all  available 
data,  are  given  in  Table  17. 

Tablb  17. ^Haff  PolarUifDifferenees  far  Sea  Dip^JMe  189. 


5  (/a -'b)  for  Needle 

liu-ia 

for  Needle 

liU-lB 

)  for  Needle 

Inelin*- 
tion 

A 

InelinA- 
tion 

Inolin*- 
tion 

No.  5 

No.O 

No.  6 

No.  6 

No.  6 

No.  6 

• 

f 

f 

o 

t 

f 

o 

r 

0 

+80 

+3.2 

+  0.8 

+20 

-  0.2 

-18.6 

-40 

-6.2 

-12.0 

+70 

+0.4 

+  1.6 

+10 

-  0.8 

-20.2 

-60 

-4.2 

-  7.0 

+00 

-2.1 

-  8.4 

0 

-10.0 

-21.0 

-60 

-2.0 

-  3.0 

+60 

-4.4 

-  8.0 

-10 

-  0.7 

-20.2 

-70 

+0.4 

+  2.0 

+40 

-6.3 

-12.S 

-20 

-  0.0 

-18.3 

+30 

-8.0 

-16.7 

-80 

-  7.8 

-16.6 
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The  adopted  formula  for  the  logarithms  of  the  mtenrnty  oonstantB,  reeultiiig  f i 
square  adjustments  of  all  available  data,  are  given  in  Table  18. 

Tabub  18.— ^/fiteiMtly  CofuHanUfor  Sea  Dip-Cwde  189. 


Number  of — 

Deflec- 
tion 
Dis- 
tance 

No.  of 

Weight  in 

Loaded 

Needle 

Logarithms  of  Inteoaity  Constante;  Ar  <-  (r- 1908.00) 

Suspended 
Needle 

Deflecting 
Needle 

4 

3D 

ZR 

ZD 

ZR 

11 

C|   -  9.38310  +  0.04066  Ar  -  0.08806  (Ar)*  -  0.00018  (20<>-  0 
C4  -  9.48937  -  0.02935  Ar  +  0.05439  (Ar)*  +  0.00018  (20* -  0 
Cg  -  9.49093  -  0.02935  Ar  +  0.05439  (Ar)<  +  0.00018(20*-  0 
Cg  -9.34447  -  0.03094  Ar  +  0.04473  (Ar)<  +  0.00018  (20»-  0 
Cg  -  9.34575  -  0.03094  Ar  +  0.04473  (Ar)*  +  0.00018  (20<>-  t) 

4 
4 
4 
4 

Short 
Short 
Long 
Long 

Discussion  of  Sea  Dip-Cibcle  Cobrections. 

Owing  to  various  mechanical  imperfections,  unavoidable  even  in  the  best  construction, 
values  of  inclination  observed  with  the  dip  circle  are  subject  to  errors  which  can  not  be 
eliminated  by  multiplying  observations.  At  any  one  station  the  correction  for  a  particular 
needle  and  circle  is  found  to  be  constant  within  the  error  of  observation,  except  when  deterio- 
ration of  the  pivot,  e.  g.,  by  wear  or  corrosion,  causes  changes,  frequently  quite  erratic,  with 
time.  The  usual  practice  has  been  to  determine  the  correction  for  each  needle  and  circle  at 
some  basenstation  by  comparisons  with  standardized  instruments. 

For  a  limited  range  of  dip  it  is  generally  f  oimd  that  such  corrections  are  sufficiently 
close  for  magnetic-survey  purposes,  so  long  as  the  observed  inclinations  do  not  differ  from 
the  base-station  value  by  more  than  5^  to  10^  at  the  most.  But  when  an  instrument  is 
used  through  a  large  range  of  inclination,  as  was  the  case  on  the  Galilee,  the  corrections 
determined  at  one  base-station  can  not  be  assumed  to  hold.  The  data  obtained  from  the  sea 
as  wdl  as  the  land  work  of  the  Department  of  Terrestrial  Magnetism  indicate  that  the  cor- 
rections vary  with  inclination  and  total  intensity,  and  that  the  variation  is  more  pronounced 
for  sea  dip-circles  than  for  land  dip-circles.  The  variation  is  due  probably  in  part  to  slight 
magnetic  impurities  in  the  metal  of  the  instrument,  and  in  part  to  irregularities  of  the  pivot, 
different  parts  of  which  are  brought  in  contact  with  the  agates  for  different  inclinations. 

For  inclinations  observed  in  the  plane  of  the  magnetic  meridian  according  to  the  abso- 
lute method,  including  reversal  of  polarity,  the  outstanding  error  caused  by  slight  magnetic 
impurities  will  arise  from  (a)  magnetic  effects  due  to  the  fixed  parts  of  the  instrument,  and 
from  (b)  magnetic  effects  due  to  the  movable  parts  of  the  circle,  viz,  the  arm  carrying  the 
microscopes  and  verniers,  or  an  equivalent  arrangement.  Because  of  (a),  the  actual  hori- 
zontal component  H  will  be  changed  into  H  +  h  +  iH,  where  h  is  the  effect  caused  by 
permanent  magnetization  and  iH  that  caused  by  induction  effects  from  whatever  source. 
The  first  effect  is  likely  to  be  negligible  in  view  of  the  usual  careful  tests  for  magnetic 
material  before  acceptance  of  an  instrument,  and  its  rejection  if  the  presence  of  such 
material  is  revealed.  Therefore,  the  entire  effect,  h  +  xHj  arising  from  (a),  may  be  made 
equal  to  a  constant  proportional  part  of  the  absolute  horizontal  intensity,  say  yH.  To 
consider  the  effect  arising  from  (b),  resolve  it  into  three  rectangular  components,  one 
along  the  longitudinal  axis  of  the  movable  arm,  that  being  also  parallel  to  the  longitudinal 
axis  of  the  needle,  the  second  normal  to  the  face  of  the  needle,  and  the  third  perpendicular 
to  the  longitudinal  axis  of  the  arm  and  in  the  plane  of  inclination.  Only  the  last  component, 
say  xFy  will  affect  the  inclination.    Hence 

H'=H-t-AH  =  ff  +  yff  +  a:Fsin/ 

From  similar  consideration  of  the  vertical  intensity,  Z,  it  follows  that 

Z'«Z  +  AZ  =  ZH-«Z-»Fcos/ 
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By  differentiation  of  the  formula  tan  I  ^u 

. ,         AH  sin  /  .  AZ  cos  / 
^ F +       F 

substituting  tiie  values  of  AH  and  AZ  as  above  determined 

.  ,         xF     vH  sin.  I  ,  zZ  cos  / 

Whence  A/ =  -  x  -  ?^sin  2/ 

But  if  the  effects  arise  chiefly  from  induction,  it  is  quite  probable  that  x  =  y  =  z,  and 
hence,  A/ »  —  x,  which  is  the  correction  if  the  error  be  caused  entirely  by  a  homogenous 
magnetic  induction  of  the  various  parts  of  the  dip  circle.  In  general,  this  correction  must 
be  small  for  dip  circles  in  which  the  movable  part  is  relatively  small. 

Supposing  there  is  a  permanent  magnetization  of  the  instrument  parts,  and  that  we 
have  h  and  z  arising  from  (a)  and/  from  (b),  then  similarly, 

H'--H  +  AH^H  +  h+fwiI  Z'^Z  +  AZ^Z  +  z-fcosI 

Whence  .j /     ft  sin  f     g  cos  / 

^-     F         F     ^     F 

In  general,  the  first  two  terms  may  be  eliminated  by  reversal  of  microscopes,  reversal  of 

instrument,  and  by  various  orientations  of  the  f  ootscrews  during  observations,  and  only  the 

last  term  would  remain.    Thus  «  ^«  r 

.  ,     z  cos  i 

AZ ^ 

That  part  of  the  error  caused  by  irregularity  of  the  bearing  pivot-sections  of  the  needles 
can  be  expressed  by  some  empirical  function,  such  as 

A/ =  X  +  y  sin/ +  «cos/ +.    .    .* 

From  the  above  considerations  it  follows  that  the  general  formula 

FM  =  x  +  «cos/  +  l/8in/ 

wiU  express  the  variation  of  the  needle-correction  with  changes  in  total  intensity  and 
inclination.  The  observed  values  of  A/  for  each  needle  and  circle,  obtained  from  compari- 
scms  with  standardised  instruments  at  shore  stations  and  at  observatories  during  the 
GaZtZee  work,  were  adjusted  by  the  method  of  least  squares  in  accordance  with  that  formula. 
The  importance  of  the  variation  in  A/  with  change  in  F  and  /,  particularly  for  the  sea  dip- 
circles,  is  shown  by  inspection  of  the  values  of  coefficients  x,  y,  and  z  given  on  pages  6&-60. 
Since,  for  even  the  best  land  dip-circles,  the  variations  in  the  needle-corrections  are  of 
an  order  equal  to  or  greater  than  the  actual  error  of  observation,  the  determination  of  a 
standard  value  for  inclination  at  any  station  is  a  difficult  question.  The  munerous  com- 
parisons made  vnth  earth  inductors  by  the  observers  of  the  Department  of  Terrestrial  Mag- 
netism in  various  regions  of  the  globe  have  indicated  that  the  correction  of  an  earth  inductor 
on  standard  is  subject  to  practically  no  change  with  variation  in  magnetic  field.  For  the 
preliminary  adjustments  of  the  corrections  of  the  land  circles  used  in  standardizing  shore 
observations,  reliance  was,  therefore,  placed  chiefly  on  the  values  of  A/  obtained  by  compari- 
sons with  earth  inductors;  successive  and  final  leastnsquare  adjustments  were  then  made, 
using  all  the  shore  data,  improved  by  the  preliminary  adjustments.  As  will  readily  be 
seen,  the  compilations  and  reductions  necessary  for  each  needle  and  circle  are  long  and 
laborious,  particularly  so  when  no  field  earth-inductor  was  available,  as  was  the  case  for  the 
Galilee  work.* 

Hy.  ChMtTHMt.  W.    Manual  of  aplierieal  and  praeUoal  aatrononijr,  ▼.  n  (38). 
%  Tiflir  ol  Um  <a9«iaiioa  taiiMd  on  Um  Golte  and  in  tha  land  wfi^ 
of  tiia  OwiMfit  at  fStm  aarifaat  pondMa  tima,  Tfa,  in  B&g^mahm  19ia 
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Id  consequence,  an  attempt  was  made  to  determine  the  coeffidents  x,  y,  and  z  expeA- 
mentally  at  Washington,  by  creating  an  artificial  magnetic  field,  imiform  over  a  region  as 
great  as  the  needle  swings  through,  the  field  being  r^ulated  and  maintained  at  a  constant 
value  during  the  period  required  to  make  a  set  of  inclination  observations.  Such  experi- 
menta  were  carried  out  by  Observer  P.  H.  Dike,  who  by  his  experience  on  board  the  Galilee 
had  become  familiar  with  the  difficulties  attendant  upon  the  observation  of  inclination 
with  sea  dip-circles.  The  most  feasible  method  to  produce  a  desired  field  appeared  to  be 
by  the  use  of  coils  of  wire,  arranged  aa  in  the  Helmholtz  typeof  tangent  galvanometer — that 
is,  two  equal  coaxial  coils  set  at  a  distance  apart  equal  to  their  radius.  Two  such  sets  of 
coils,  each  coil  with  a  radius  of  0.9  meter,  with  their  axes  at  right  angles,  were  used  at  each 
of  two  stations;  at  each  station  one  set  of  coils  was  placed  with  the  axis  horiEtmtal  and  in  the 
magnetic  meridian  for  controlling  the  horizontal  component,  and  the  other  witii  the  ana 

Tablx  19.—Nttdh  Correaiontfor  Sea  Dip-Cirde  169  dwino  CrvUe  III. 
[Altw  inttrument  wm  modified.] 


'Th«  oomputad  valuta  ware  obUined  by  me&ni  of  tba  formuln  adopted  from  the  la«at-aq(ure  kdjuitmsnta;  thoaefoniiul«at«ciTC(io 
*Vb1uw  by  the  itation  inatrumant  ware  alt  reduced  to  C.  I.  W.  Standard  (see  p.  77).  'Station  wai  at  Ooat  Idand,  near  Ban 

^Station  wm  ftt  San  Loranio  lalaad,  near  Callao.  'DeSeetion  observation*  (ailed  for  the  ahort  diatanoe  at  Callao. 

vertical  for  controlling  the  vertical  component.  The  current  was  supplied  from  a  portable 
storage-battery,  two  separate  circuits  being  used  for  the  coils  controlling  the  horizontal  and 
vertical  components.  With  these  arrangements  it  was  possible  to  observe  simultaneously 
with  a  standard  earth-inductor  at  one  station  and  with  the  dip  circle  under  test  at  the  otho' 
station  for  values  of  inclination  at  regular  intervals  between  +8S°  and  — 88**.  The  results' 
of  the  experiment  were  interesting  and  afforded  valuable  data  for  discussion  of  the  correc- 
tions of  several  of  the  circles  used  during  the  cruises  of  the  Galilee.  The  method,  however, 
was  abandoned  because  of  the  great  expenditure  of  time  required,  and  because  the  results 
showed  that  practically  equally  good  values  could  be  arrived  at  by  careful  consideration  and 
discussion  of  field  comparisons,  particularly  so  when  account  is  taken  of  the  changes  caused 
by  deterioration  of  the  pivots.  For  exceptional  iostruments  it  was  possible  to  secure  some 
data  for  the  corrections  by  studying  critically  the  differences  exhibited  by  needles  amoi^ 
themselves  for  the  range  of  inclination  encountered. 

Table  19  gives  a  condensed  summary  of  the  observed  and  computed  data  for  the 
adopted  corrections  for  the  needles  of  sea  ^p-circle  169,  which  was  used  tiiroughout  Cruise 
III.    This  table  is  typical  of  the  reductions  made  for  each  needle  and  circle.    Inspection 

<C/.  Dike,  p.  H.    Experimental  invMti«»ttoQ  o(  dip-needle  ooneotiona.    Twt.  Uv-  v.  14,  IMS  (1S7-1M). 
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■hows  that  while  the  coefficients  of  the  fonnula  might  now  be  somewhat  improved,  the 
■dditdonal  labor  involved  in  carrying  out  the  work  necessary  for  the  slight  revisions  which 
would  result  is  hardly  warranted.  As  stated  on  page  96,  values  for  inclination  obtained 
from  the  deflected-needle  observations  of  the  total-intensity  work  are  ^ven  less  weight  than 
those  from  the  regular  dip-needles.  It  is  interesting  to  note  from  Table  19  the  increasing 
uncertainty  for  inclinations  obtained  from  shortrdistance  deflections  as  the  critical  condi- 
Uon  when  deflections  fail  is  approached.  To  facihtate  the  computations,  graphs  were  con- 
structed for  the  values  of  FA/,  computed  from  the  adopted  formuls.  Specimen  graphs 
for  sea  dip-circle  169  are  shown  in  I^^gure  2,  values  of  FAI  and  of  the  inclination  bdng 
indicated  by  ordinates  and  abscissse  respectively;  the  dash-dot  Une  and  the  line  of  dashes 
(Hily,  agnify,  respectively,  needle  direct  and  reversed. 

♦  so*      ♦«o*      ♦«o*     *tt>*        0*       -to*      -40*      -  to*      -  •<*• 
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no.  3.— CurvM  ihowuig  Dlp-Naedle  Cotrectiaiu  for  8m  Dip-Cirole  160  during  CnuM  III. 

Table  20  gives  a  condensed  summary  of  the  observed  and  computed  data  for  the 
adopted  intensity-constants  for  needles  7  and  8,  the  latter  loaded  with  weight  31,  for  sea 
dip-drcle  169,  which  was  used  throughout  Cruise  III.  That  table  is  typical  of  the  reduo- 
tions  made  for  each  intensity-needle  pair  for  each  circle.  To  facilitate  the  computations, 
gfKfAa  were  constructed  for  the  values  of  the  logarithms  of  each  intensity-constant  oom^ 
pated  fnan  the  adopted  fcffmuUe.    figure  3  shows  spedmen  graphs  for  sea  dip-oirele  169. 
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Tabli  TO.—IniemOy  CamkmU  for  Sea  Dip^vreU  169  iwring  Crvim  III. 

[After  inftmmoiit  wm  modified.] 


Station 

Date 

T JAi 

▼Vf^P 

rrvi.                  ^ 

Obawed  Values  at  Mean 
Obeenred  Temperature,  f 

Computed  Values  by 
Adopted  Formulfl^  at  1 

LiOgantnm  lyiuwvuces  vvruwrTeu 
minus  Computed) 

t 

Cj 

^4DR^ 

CgDRL* 

Ci 

CgDBS 

CiDRL 

Ci 

CgDRS 

CgDRL 

Waahington. . 

Papeete 

Apia 

Yap 

1006.04 
1007.11 
1007.18 
1007.20 
1007.37 
1007.56 
1007.67 
1007.81 
1008.00 
1008.20 
1008.40 
1008.40 

•c. 

6.0 
32.8 
30.0 
32.3 
24.1 
10.0 
31.8 
30.6 
20.2 
27.3 
22.7 
34.2 

0.66350 

0.66582 

0.66575 

0.66652 

0.66602 

0.66640 

0.66017 

0.66023 

0.67122 

0.67516 

0.67722* 

0.67800i 

0.50716 
0.50574 
0.50482 
0.50455 
0.50568 
0.50000 
0.50178 
0.50360 
0.50001 

(*) 
0.40618 

0.40571 

0.36240 
0.36012 
0.35001 
0.35040 
0.36238 
0.35445 
0.35046 
0.35803 
0.35605 
0.35516 
0.35341 
0.34038 

0.66322 
0.66600 
0.66601 
0.66650 
0.66604 
0.66668 
0.66880 
0.66008 
0.67100 
0.67435 
0.67606 
0.67061 

0.50802 
0.50487 
0.50472 
0.50408 
0.50450 
0.50305 
0.50201 
0.50120 
0.50080 

0.40700 
0.40406 

0.36230 
0.35067 
0.35083 
0.35041 
0.36001 
0.35075 
0.35787 
0.35716 
0.35670 
0.35430 
0.35268 
0.35048 

+0.00087 
-0.00018 
-0.00026 
+0.00002 
-0.00002 
-0.00010 
+0.00037 
-0.00075 
+0.00022 
+0.00081 
+0.00026 
-0.00071 

-0.00066 
+0.00087 
+0.00010 
+0.00047 
+0.00118 
-0.00305 
-0.00023 
+0.00240 
-0.00070 

-0.00082 
+0.00075 

+0.00010 
+0.00046 
-0.00082 
+0.00008 
+0.00237 
-0.00530 
+0.00150 
+0.00177 
-0.00074 
+0.00086 
+0.00073 
-0.00110 

Zikawei 

Sitka 

Honolulu .... 

Jaluit 

Christchurch . 

Callao 

San  FranoiBOo. 
Waahington . . 

^Needle  8  was  loaded  with  weight  31. 

^See  Table  15,  page  60,  for  the  formul«  adopted  from  least^square  adjustments. 

*The  mean  obeerved  values  of  Gog  Cid  -log  Cgg)  from  the  data  for  all  the  stations  were  —0.00084  and  —0.00006 
for  the  short  and  long  distances  req;>ectiTely. 

^Defleotion  observations  failed  for  the  short  distanoe  at  this  station,  San  Lorenso  Island,  near  Callao. 
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Fig.  3.— Curves  showing  Time-Changes  in  Values  of  Intensity  Constants  for  Sea  Dip-drolo  160  during  GMse  IIL 
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CX)NSTANTS  AND  CX)RRECnONS  FX)R  LAND  INSTRUMENTS. 

DESCRIFnONS  OF  MAGNETOMETERS  AND  DiP  CiRCLBS. 

The  reduction  formuls  and  methods  of  determining  constants  for  the  land  instru- 
ments, used  in  the  Galilee  shore-work  and  in  the  standardization  of  the  ocean  instruments 
during  1905-1008,  were  the  same  as  those  in  Volume  I  (pp.  22-41). 

The  types  of  magnetometers  used  are  described  and  illustrated  in  Volume  I  (pp.  2-7); 
the  details  respecting  them  and  the  adopted  constants  for  the  period  1905-1908  are  shown 
in  Table  21. 

Magnetometer  1  was  manufactured  by  Fauth  and  Company,  but,  before  assignment  to 
the  OdlUee,  it  was  extensively  overhauled  and  altered  by  the  Department  of  Terrestrial 
Magnetism;  the  magnets  are  hollow  steel  bars  with  cross-section  of  octagonal  periphery 
on  the  outside  and  circular  on  the  inside,  the  long  magnet  being  7.2  cm.  long,  0.7  cm.  inside 
diameter  and  1.2  cm.  outside  diameter,  and  the  short  magnet  being  6.0  cm.  long,  0.7  cm. 
inade  diameter  and  1.2  cm.  outside  diameter.  Magnetometers  3  and  4  were  manufactured 
by  the  Bausch  and  Lomb  Optical  Company  of  Rochester,  New  York;  the  magnets  are 
hdlow  cylinders,  the  long  magnets  being  7.5  cm.  long,  0.75  cm.  inside  diameter  and  1.00  cm. 
outside  diameter,  and  the  short  magnets  being  3.5  cm.  long,  0.61  cm.  inside  diameter  and 
0.82  cm.  outside  diameter.  Magnetometers  30  and  36,  loaned  by  the  United  States  Coast 
and  Geodetic  Survey,  were  manufactured  by  T.  S.  Cooke  and  Sons  of  London,  England; 
the  magnets  are  hollow  cylinders,  the  long  magnets  being  9.27  cm.  long,  0.76  cm.  inside 
diameter  and  1.02  cm.  outside  diameter,  and  the  short  magnets  being  4.33  cm.  long,  0.62 
cm.  inside  diameter  and  0.83  cm.  outside  diameter.  Phosphor-bronze-ribbon  suspensions 
were  used  for  all  the  instruments  except  for  magnetometer  1,  in  which  the  suspension  was 
of  silk  fiber. 

Tablb  21.— DetoOt  and  Coiufcmte  qf  Magndomdtf  U$ed,  1906-1908. 


tXhtc. 

a.  •.  qntem  of  anito  is  uMd  througliottt  thii  tablt;  the  taHm  of  a  ia  giroft  tot  1*  C.| 

No. 

Type 

Diameter 
Horiion- 
UlOrde 

Momenta  of  Long 
MagneU  at  20*C. 

Diatribution 
Coefficients 

Induc- 
tion Co- 
efficient 
k 

Tempera- 
ture Co- 
efficient 

Scale 
Value  for 
Declina- 
tion 

Deflection  Distancea 
Used 

Inertia 

Magnetio 

P 

Q 

1 

a^ 

4 
80 
80 

lie) 
1(a) 

1(«) 
2(6) 
2(b) 

cm. 

11.0 

12.6 

12.6 

18 

18 

208 
106 
166 
266 
248 

174 
673 
630 
882 
648 

-  1.90» 

+10.71 

+14.87 

+10.78 

+18.04 

+i666 

-  881 
-1346 
+  611 

0.0616 
0.0088 
0.0116 
0.0086 
0.0092 

0.00066 
0.00041 
0.00036 
0.00040 
0.00041 

2.28 
1.40 
1.40 
1.87 
1.38 

CHI. 

30.40 

26.  27.6.  30.  36.  40 

26.  27  J^.  80.  86.  40 

22.6.  26.2.  30,  40 

30.40 

Talue  of  P  is  the  Talue  of  P',  assuming  that  (1  +  />'r-^-(l  +iV-«  +  gr<). 

'Magnetometer  8  is  the  standard  magnetometer  of  the  Depaxtment  of  Terrestrial  Blagnetism. 

The  dip  circles  used  to  determine  the  inclination  at  shore  stations  were  of  the  patterns 
which  are  fully  described  and  illustrated  in  Volume  I  (pp.  7-10),  viz,  (a)  the  regidar  Eew 
land-pattern  as  made  with  slight  variations  by  Dover  and  Casella,  and  (&)  the  Lloyd- 
Creak  shii>-pattem,  as  originally  designed  by  Captain  Ettrick  W.  Creak  and  made  by 
Dover,  and  the  modified  type  of  (b),  designated  in  the  present  volume  as  "sea  dip-circle^' 
(see  p.  21 ) .  To  determine  the  magnetic  declination  at  shore  stations,  a  compass  attachment, 
fuUy  described  and  illustrated  in  Volume  I  (p.  9),  was  provided  for  each  land  and  sea  dip- 
circle.    (See  also  the  present  volume,  pp.  20,  22,  and  Plate  4,  Fig.  1.) 

Thoe  was  no  earth  inductor  in  the  instrument  equipment  of  the  OalHee.  Earth 
inductor  48,  constructed  by  Schulse,  fully  described  and  illustrated  in  Volume  I  (pp.  10-11), 
was  the  standard  inclination-instrument  of  the  Department  of  Terrestrial  Magnetism  during 
190&-1908. 
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Magnetometer  Corrections. 


The  corrections  of  each  magnetometer  on  the  adopted  standard  (see  p.  77)  were  deter- 
mined at  Washington,  before  and  after  use  of  the  instrument  in  the  field,  and  also,  whenever 
possible,  in  the  field  by  means  of  comparisons  with  other  magnetometers.  The  accuracy  of 
the  mean  corrections  for  the  land  instruments  is  usually  about  O! 2  in  declination  and  about 
O.OOOIH  in  horizontal  intensity.  The  tabulated  corrections  are  to  be  applied  algebraically, 
east  declination  being  reckoned  as  positive  and  west  declination  as  negative;  horizontal 
intensity  is  always  taken  as  positive. 

Table  22.— Magnetometer  CorrecHona  on  Adopted  C.  /.  W.  Standards  for  ths  Period  1906-1008. 


No.  of 
Magnet- 
ometer 

Coireotion  to  Observed 

Remarks 

Deolin»- 
tion 

Horiiontal 
Intensity 

1 

1 
3 
4 
4 
30 
36 

-2.1 
0.0 
0.0 
+0.7 
+0.6 
+0.2 
-0.6 

+0.0010i7 

-o.oooeff 

+0.00016£r 
+0. 0002417 
+0.00020ff 
-0.00048H 
+0.00113£r 

Prior  to  accident  of  Feb.  7, 1007 

After  accident  of  Feb.  7, 1007,  using,  however,  the  old  constants 

Standard  magnetometer 

To  June  30, 1008 

Aug.  1008  to  Mar.  1010,  after  replacement  of  lost  defleeUon-bar 

Through  1006 

Land  Dip-Circlb  Corbections. 

In  the  regular  inclination  observations  at  shore  stations  the  polarity  of  the  needles  is 
invariably  reversed,  and,  hence,  the  so-called  balance-error  caused  by  any  eccentricity  of  the 
center  of  gravity  of  the  needle  is  eliminated.  There  remains,  however,  the  error  caused  by 
any  irregularity  of  the  figure  of  the  pivot,  and  this  will  vary,  in  general,  with  the  magnetic 
field.  The  correction-data  from  all  comparisons  at  Washington,  in  the  field,  and  at  obser- 
vatories are  utilized  to  determine  for  each  needle  a  formula  expressing  the  variation  of  the 
correction.  A/,  with  total  intensity,  F,  and  inclination,  /,  of  the  following  form  (see  Volume  I, 
p.  45;  Volume  II,  p.  17,  and  the  present  Volume,  pp.  71-72) 

F A  /  =  X  +  «  cos  /  + 1/ sin  / 

When  only  a  few  reliable  comparisons  are  available,  or  when  there  has  been  rapid 
deterioration  of  the  needle-pivot,  caused,  e.  g.^  by  slight  rusting,  or  when  the  circle  is  used  in 
a  limited  region,  mean  values  of  A/  are  adopted  for  all  values  of  F  and  /. 

The  adopted  dip-corrections  for  the  land  instruments  are  given  separately  for  each 
instrument;  they  are  applied  algebraically,  regarding  inclination  below  the  horizon  of  the 
north-seeking  end  of  the  needle  as  positive,  and  vice  versa.  For  shore  values  obtained  with 
sea  dip-circles,  the  corrections  given  in  Tables  10, 13, 16,  on  pages  66, 68, 69,  were  applied. 
The  declination  corrections  adopted  for  the  dip-circle  compass-attachments  follow  the 
inclination  corrections;  the  declination  corrections  adopted  for  the  compass-attachments  of 
the  sea  dip-circles  are  given  on  page  77. 

Land  dip^rde  171. — Circle  171,  manufactured  by  Dover,  was  used  during  Cruises  I, 
II  (to  May  1906),  and  III  (from  March  to  May  1907).  The  adopted  inclination-corrections 
for  the  mean  observed  values  by  needle  1  and  2  for  all  values  of  /  between  60^  N  and  60^  S  is 
O'O,  and  for  all  values  of  I  between  60®  N  and  80°  N  is  -|-  Ol  5;  the  adopted  correction  for  the 
mean  of  observed  values  by  needle  5  and  6  of  172  for  all  values  of  J  is  -f- 1  '0. 

The  adopted  correction  for  observed  declinations  by  the  compass  attachment  is  +2^5. 
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Land  dip^rde  178. — Circle  178,  manufactured  by  Dover,  was  used  during  Cruises 
II  and  III.    The  adopted  inclination-corrections  are  given  by  the  formuke 

Needle  1  FM  =  -liS  +  Z'AcosI  -0^2  sin/ 

Needle  2  FAI  =  -1.7  +  2.3  cos/ +  0.7  sin  / 

Needles  FAI  =  -3.0 +  3.4  cos/ 

Needle  6  FAI  =  -1.4 +  0.9  cos/ 

The  correction  adopted  for  observed  declinations  by  the  compass  attachment  is  + 1 !  2. 

Land  dip-circle  4666. — Circle  4655,  manufactured  by  Casella  and  loaned  by  the  United 
States  Coast  and  Geodetic  Survey,  was  used  at  one  station  only.  The  adopted  inclination- 
correction  for  the  mean  of  observed  values  by  needles  3  and  4  is  0  ^  0. 

Sea  dip-drcleSf  S6,  169,  and  189. — ^The  adopted  inclination-corrections  for  the  sea 
and  shore  work  during  Cruises  I,  II,  and  III  are  given  on  pages  66,  68,  and  69. 

The  corrections  adopted  for  observed  declinations  by  the  compass  attachments  are : 

For  circle   35      +7^5  when  mark  readings  are  made  with  peep  sights,  and  —9! 2 

when  mark  readings  are  made  with  telescope; 

For  circle  169      —2^5  for  observations  in  1905;  —2'  when  mark  readings  are 

made  with  peep  sights,  and  +3^  when  mark  readings  are  made 
with  telescope,  for  observations  subsequent  to  1905; 

For  circle  189      +8! 5  when  mark  readings  are  made  with  peep  sights. 


MAGNETIC  STANDARDS  ADOPTED. 

The  Department's  extensive  intercomparisons  of  magnetic  instruments  a^,Washingtoni 
in  the  field,  and  at  magnetic  observatories  in  all  parts  of  the  Earth,  have  made  it  possible 
to  refer  its  data  to  ''  International  Magnetic  Standards  "  within  an  error,  in  general,  on  the 
order  of  the  observational  error  (see  Voliune  II,  pp.  211-278).  Since  the  adopted  constants 
for  the  sea  instruments  were  made  to  depend  upon  the  standardized  data  at  shore  stations, 
(see  pp.  105-110),  the  results  derived  from  the  magnetic  observations  on  board  the  GalUee, 
after  being  corrected  for  ship's  deviations,  are  on  the  basis  of  the  adopted  magnetic 
standards. 

The  magnetic  standards  adopted  for  reduction  to  a  conmion  basis  of  the  results  con- 
tained in  the  present  volimie  are  the  so-called ''  C.  I.  W.  Standards "  as  defined  in  Volmnes  I 
(p.  42)  and  II  (p.  16).  These  are:  In  declination,  C.  I.  W.  magnetometer  3  without  cor- 
rection; in  horizontal  intensity,  C.  I.  W.  magnetometer  3  with  a  correction  of  +0.00015ff 
applied  to  observed  values  of  the  horizontal  intensity,  H,  computed  by  the  constants  given 
for  magnetometer  3  in  Table  21;  in  inclination,  earth  inductor  48  with  a  correction  of 
—0^.5  applied  to  observed  values  of  inclination.  A  detailed  discussion  of  the  relations 
between  the  ''C.  I.  W.  Standards"  and  the  ''International  Magnetic  Standards"  is  given 
in  Volume  II  (pp.  270-278).  It  is  shown  there  that  the  corrections  of  the  originally  selected 
standards  are  so  small  as  to  be  negligible  here.  Accordingly,  the  values  of  the  magnetic 
demtrUe,  given  in  the  Tables  of  ResiUts  on  pages  97-110,  may  be  regarded  as  based  on  Inter- 
national Magnetic  Standards. 


SHIP  CONSTANTS  AND  DEVIATION-COEFFICIENTS. 

FUNDAMENTAL  EQUATIONS. 

Let  the  Earth's  magnetic  force,  acting  on  a  magnetic  needle  at  a  given  position  on 
board  ship,  be  resolved  into  three  rectangular  components,  two  of  which  are  horisontd 
and  one  is  vertical,  viz :  X,  in  the  direction  of  the  fore-and-aft  line  towards  the  ship's  head; 
F,  towards  the  starboard  side;  and  Z,  towards  the  keel;  X  and  Y  are  the  two  horizontal 
components,  and  Z  is  the  vertical  component.  Furthermore,  let  X',  Y\  and  Z'  repres^it 
the  same  components  resulting  from  the  combined  action  of  the  Earth's  magnetic  field 
and  that  of  the  ship.  Then  the  well-known,  fundamental  equations  in  the  mathematical 
theory  of  ship  deviations,  first  given  by  Poisson  in  1824,  are 

X'^X  +  aX  +  bY  +  cZ^P  (1) 

Y'^Y+dX  +  eY+'fZ  +  Q  (2) 

Z'^Z  +  gX  +  hY  +  kZ  +  R  (3) 

The  parameters  a,  b,  c,  d,  e,  /,  g^  A,  k  depend  on  the  amount,  arrai^ement,  and  induc- 
tive capacity  of  the  soft  iron  of  the  ship.  P,  Q,  R  are  parameters  depending  on  the  amount, 
arrangement,  and  permanent  or  subpermanent  magnetism  of  the  hard  iron  of  the  ship. 

The  above  formula  assume  that  the  ship's  magnetic  field  results  partly  from  the 
permanent  magnetism  of  hard  iron  and  steel  and  partly  from  the  transient,  induced  magnet- 
ism of  soft  iron,  the  latter  supposed  to  be  directly  proportional  to  the  intensity  of  the 
inducing  force.  It  is,  furthermore,  assumed  that  the  length  of  the  magnetic  needle  is 
infinitesimally  small  in  comparison  with  the  distance  to  the  nearest  iron  aboard  the  ship. 
These  assumptions  may  be  regarded  as  amply  fulfilled  on  the  OdtUeej  in  view  of  the  small- 
ness  of  the  parameters  for  this  vessel.  If  the  vessel  is  not  on  even  keel,  corrective  terms 
enter,  which  for  the  Galilee  under  the  usual  observing  conditions  oould  be  regarded  as 
negligible. 

Deviation  Fobmuub. 

Let  the  so-called  deviation-coefficients  for  the  magnetic  elements,  declination  (Z>), 
inclination  (/),  horizontal  intensity  (&),  and  vertical  intensity  (Z),  be 

For  D:  A^,  ft,  Cg,  ft,  ft 

For/:  A|,ft,Ci,Z),,ft 

For  H:  A»,  B.,  C»,  ft,  ft 

ForZ;  A,,B,,C, 

Then  the  deviation  formuke  for  Z>,  /,  H,  and  Z,  after  various  transformations  and  i^ 
proximations,  may  be  written  as  follows:^ 

D'-D--W-=  A4  +  B4  sin  f +  C4  cos  f -|-ft  sin  2fH-ft  cos  2f  (4) 

r  -7  =8/  =A|-|-ftcosf-|-Ci  sin  f  4-ft  cos  2f-fft  sin  2f  (6) 

H'-H--SH  =  Am+Bm  cos  f +  C»  sin  f-hft  cos  2f -fft  sin  2f  (6) 

Z'  -Z  =«Z  =il.-|-ftco8r  +  C.  sinf  (7) 

^The  reader  may  be  referred  to  the  following  treatises,  for  example:  Admiralty  Manual  for  the  Deviations  of  the  Com 
pass,  London,  1912,  pp.  96-99;  F.  Bidlingmaier,  Magnetisohe  Beobaohtongen  an  Bord,  pp.  469-478  of  Neumajrer*!  Anleitnnc 
su  wissensehaftliohen  Beobachtungen  auf  Reisen,  Hannover.  1905;  E.  Mascart  Trait6  de  Magn^tume  Terrestre,  pp.  40^-436, 
Paris,  1900. 
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Ship  Deviation-Coefficients  79 

D\  I\  H\  Z'  are,  respectively,  the  observed  ship  values  of  the  declination,  inclination, 
hcHiJKintd  intensity,  and  vertical  intensity;  D,  /,  H,  Z  are  the  true,  or  undisturbed,  values — 
those  which  would  be  observed  if  the  ship  were  wholly  non-magnetic. 

The  deviation-correction  is  the  quantity  to  be  applied  to  the  magnetic  element  ob- 
served aboard  ship  to  obtain  the  true  or  undistiurbed  value.  It  is  of  opposite  sign  to  the 
deviation;  thus,  e.  g.,  D  ^  D'  —  SD;  etc. 

In  the  above  formula  ^,  because  of  the  smallness  of  the  deviation-effect  on  the  compass 
aboard  the  Galilee,  may  be  taken  directly  as  the  ship's  indicated  magnetic  course,  or  as  the 
indicated  magnetic  azimuth  of  the  ship's  head,  measured  continuously  from  the  magnetic 
north  through  east. 

Let  X  s  H'/Hf  M  »  Z'/Zf  and  let  the  so-called  ''exact  deviation-coefficients"  be  indi- 
cated by  primes,  e.  g.,  A'gf  B'g,  etc.;  then  the  relations  existing  between  the  parameters 
and  the  deviation-coefficients  are: 

For  DecUnatUm 

\^l+lXa  +  e)  (8) 

Bi-sinft-J(ctan/  +  J)  (10) 

C:-8inC,-^(/tan/  +  |)  (11) 

Z);-8inD.-J(^)  (12) 

B;.sin^.-J(^)  (13) 

For  IndtnaUon 

AJ-8inil,-i(X-M)8m2/-^(x-ib-l-D8m2/  (14) 

BJ-8inB,-i(XBi-^cot/)8in2/-i(c-^)-|(c+^)co8  2/+i^Bin2/      (16) 

C;-8mC,-i(Acot7-XC;)8m2/»i(ft-/)+i(fc4-/)ooe2/-^|8m2/      (16) 

D;-8inA-  +  ixD:8m2/-i(^)Bm2/  (17) 

£;-Bm£«  =  -^X£i8m2/=-i(^)8m2/  (18) 

For  HoritorUal  Intensity 
il,-|(a+«)--ff(X-l)  (19) 

B»-cfftaii/+P-XHB;-»XHginB«  (20) 

C,--/fftaii/-Q--Xff.C;=-Xff-8inC,  (21) 

D^-^(a-e)-X£rD;-XH-8mD<  (22) 

ft  -  -  ?  (<i  +  &)  -  -'\HE'^  -  -XH  sin  ft  (23) 
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For  Vertical  InteruUy 

^  =  ifeZ  +  fl  =  Z(M-l)  (24) 

B,  =  gZ  cot  I  (25) 

C,^-hZcotI  (26) 

R 


H  =  k  +  1  +  ^ 


(27) 


From  the  usual  observations  at  the  positions  (see  Fig.  1,  p.  27,  and  Plate  2,  Fig.  1)  of 
the  various  instruments  on  the  Galilee' %  observing-bridge,  we  may  derive  combinations  of 
the  quantities  above  mentioned.    Thus 

For  StandardrCompaas  Poeition  {DedinaUon) 
1  /a-e\    b   c    d  f   P        ,  Q 

For  Sea-Deflector  PoaUion  (Declination  and  Horizontal  Intensity) 

X,  a,  6,  c,  d,  €,  /,  P,  and  Q 

For  Sea-Dip-Cvrcle  Position  (Inclination  and  Total  Intensity) 

X,  a,  c,  e,  /,  (7,  ft,  t,  P,  Q,  and  R 

DEVIATION-COEFFICIENTS  FOR  CRUISES  I.  II,  AND  III. 

Forms  23, 23a,  pages  36  and  39,  give,  respectively,  specimens  of  derivation  of  deviation* 
coefficients  for  declination  and  horizontal  intensity.  Those  for  inclination  are  derived 
in  a  similar  manner  (see  pp.  43-45).  The  values  of  the  coefficients,  resulting  from  the  vari- 
ous swings  and  for  the  three  magnetic  elements,  D,  /,  H,  are  given  separately  for  each 
cruise  in  Tables  23-28,  pages  81-85.  The  colunm-headings  and  explanatory  remarks  will 
make  clear  the  entries  and  conditions  under  which  the  quantities  were  derived.  The  same 
general  designations  for  instruments,  as  given  on  pages  28-32  and  94  have  been  used  in 
these  tables.  For  interpretation  of  symbols  appearing  in  colunms  of  ''Remarks,''  see  page 
95.  The  columns,  "Headings,"  give  the  munber  of  headings  on  port  swing  (p)  and  the 
number  on  the  starboard  swing  («). 

The  probable-error  columns  give  the  probable  errors  of  an  observed  deviation  on  a 
single  heading;  they  have  been  computed  as  shown  in  Forms  23  and  23a,  pages  36  and  39. 
The  intensity  unit  used  for  the  deviation-coefficients  and  probable  errors,  which  appear  in 
Tables  24,  26,  and  28,  is  the  fourth  decimal  c.  g.  s.  In  these  same  tables,  the  letters  S,  L, 
appearing  in  the  columns  "Dip  Circle"  and  "Deflector  (Defl'r),"  stand,  respectively,  for 
short  deflecting-distance  and  for  long  deflecting-distance. 

On  the  various  cruises,  the  Galilee  was  swimg  about  every  fifth  or  sixth  day,  the  average 
distance  between  swing-stations  being  somewhat  over  600  miles.  An  inspection  of  the 
quantities  in  the  probable-error  columns  shows  a  steady  improvement  in  accuracy  of 
observation  for  all  the  magnetic  elements  as  the  work  advanced  and  the  various  diffi- 
culties caused  by  ship  conditions  and  imperfection  of  sea  instruments  were  more  or  less 
successfully  overcome.  Only  occasionally  did  the  probable  error  reach  a  magnitude, 
because  of  conditions  encountered,  such  as  to  warrant  either  total  rejection  of  the  results 
of  the  swing,  or  giving  them  diminished  weight  in  the  final  adjustments,  explamed  m 
the  next  paragraph. 


Cbuise  I,  Adodbt  to  Dbcbkbsb  1905. 
Table  23. — DeeUnation  and  Indination  Detiatioti-Co^fieimU  and  DetaiU  ngardmt  Svingt  <^  tA«  OuIOm,  190$. 


I  Birt^  M  8u  madHo.  OB  mA  c<  tlw  3  dar«>  "«•  mad*  do  IS  wiiddirtaat  btadiop,  iritti  bctb  btlraa:  M  tlw  OMtbada  ol  abMmUoa  mra  M«n  or  iMt  •vmI 

b  Ih*  ^MB  nmlta  of  lb*  I  d»a  an  ^ns. 

—  >hi »iri»<  an  AM»ut  23  rt  8mi  a«to.  "wU b>tw»»B  UnJ  itotioM  I  and  III,  irwi bolf  in  farwnt  win raphoaJ  bf  br—  OOM.     Bvoi^ al aaabgr:  li«^Mt4l 

«  •dfitiaaal  ahwmlioa*  of  VM«1  w««  mada  (M*  p.  ISl),  and  batonoMBta  vara  rnrraiiaad  on  otMrriiit  bridga  baa  n«.  1,  A,  p.  IT).     Bwuvataaabw:  liaabovKC 

I    II     I        and  dlp-drda  foHa  lor  tUi  (wiDa  wwa  not  oaad. 

iMbv 4 aa)  6 Iba  jrea  fMtwd  dliialv  >MTBadnr«wl)r  laftMx  •<">" <»'°  ^aHA.  diraetly  ludar  tha  obawrliw bridia. 

biliil  ■igii1  n<  HI  ilrfanlf  In  plain  nn  tirirln  <DiaaatlD|  nacM*  at  aH  didaotor  ramarad  Irom  bridaa. 

Table  24.— ffarumJaI-/n(«nhlv  Z)««C(i<Mnt-Coq4iaentf  and  DtiatU  TtnortUng  Sioingt  q/  1A«  OatiUe,  190S. 

V  m 


t.  bst  iBall  wdght  la  te  ba  firaB  IhMa  vaiMa. 
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Cruibb  II,  Fbbruabt  to  OcroBBB  1006. 

Tasle  2S. — DaeUnation  mid  IndinatioH  Diwiation-Co^fieienU  aitd  Dcfodf  nvordwig  Swimft  ef  At  OtOilm,  tOOS. 


a 


as      WW 


m  a  a 


Two  Martnud  nrintii  oa*.  S  ImmUdc*:  otbir,  9  Th*  dadiaatioD  randU  w««  But  imd,  tb*  nrini  b«iu  bat  •  partial  oi 

Two  Naiboaid  nrinsii  both  B  IwaHinn  •Balon  aadidaat. 

Twa  pan  awinv:  botii  8  hairtlrni  'Afur  aaaiUBi. 
■Twv  p«M  vwiBCi',  on*.  S  hiiiliiiii   otbir,  I. 


Ship  DsTUTioM-CoBpnciBNis 

Cbuiss  II,  Fsbbuabt  to  Octobbb  1006. 

Table 20— ffonwnlot/ntmnlv  De»iation<:oefidml^  and  DttaU*  rttardiito  Smngt  e/  the  OaliUe,  1908. 


Uios-MrfWnto  ud  inibri>ta  <«rar*  »r*  wprwiiJ  in  oaita  of  foitftt  rliairil  «.  a.  ■.  Two 

k.8iL  8*.  •?«  D.  C.  work.  SbSL  Tor  D.  C.  vork.Sp,  S' 

■:   For  D.  C.  work.  4  buriiny.  fc«  rwus.  ud  8.  oMOod  ninti  lor  iM't  ntl 


lot  DaB't  ntfc,  S  luillnn.  I'M  iwioa.  aad  S.  mond  r 
Tot  D.  C.  work.  A  p.  S  L 


Cbttisb  III,  Decimbbh  1006  to  Mat  1008. 

TiBLi  27.— DeduMlion  and  IneUtiation  DtrMioi^^oeJlieimU  and  DttaOt  ngarOng  Smingt  of  tlu  OaUUe,  lB06-t908. 


iW  -1  KS« 


J^ 


■suit  SB 


CBjmm  III,  Decbubsb  1906  to  Mat  1908. 
Tabu  28.—BoHaotttdt-Intmtiti/  Detiatian^otifidail^  md  DttaOt  Ttganting  Svinffi  ef  thi  OaUUe,  1006-190$. 


raCH 


J^MMiliiiiiinlili  Mtiimn  iiniiMil  lniiiil1iiiff[Tirlfcilii<iMlii  ■  ■ 

Sttr  SE-S:  25-5:  E^S^  Sfi- 


O.C.  I 


"opist  "tRoI:  -oKi. 
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Ai>JXJ8naNT  OF  Dbviation-Cobfficisnts  and  Derivation  of  Parametebb. 

The  adjustments  of  all  observed  coeflBidents  obtained  from  the  swings  for  each  magnetic 
element  were  made  after  dividing  the  coefficients  into  groups,  each  group  being  adjusted 
separately.  Group  1  of  Cruise  I  was  experimental.  Parameters  were  not  used  to  compute 
deviations  for  this  group.  Group  2  includes  the  rest  of  this  short  cruise.  The  coefficients 
for  Cruises  II  and  III  were  grouped  from  consecutive  portions  of  a  cruise  during  which  the 
vessel's  course  lay  in  the  same  general  direction.  This  method  of  grouping  was  adopted  on 
the  assumption  that  the  ship's  parameters  are  liable  to  alterations  as  the  ship  changes 
from  one  coiurse,  whereon  she  has  experienced  continued  buffeting,  to  a  widely  dififerent 
one,  where  she  again  experiences  continued  buffeting  by  the  sea. 

The  arrangement  of  the  groupings  and  the  periods  of  time  to  which  the  coefficients  and 
parameters  of  each  group  apply  are  shown  in  Table  29. 


Tabxa  29.—€hrauping  and  PerMt  cf  Time  far  De 

via(tof»-Coi[fEaen(t. 

CruiM 

Group 

Period  of  Time  Ck»rreq>oiidinc  to 
eMh  Group 

Portion  of  C^wae  Covered 

QiOilMl 

QalilMl 

QaUImII 

QalilMlI 

GaUImII 

OalllMUI 

QaUlMni 

OaUImIII 

Oalflee  III 

OalilMlII 

QaUImIII 

1 
2 
1 
2 
8 
1 
2 
3 
4 
6 
6 

Aug.    2,  ig05,  to  Aug.  23,  1906 
Auc.  24.  liW6,  to  Dec.  13.  1006 
Feb.  14, 1000.  to  May  18.  1006 
May  18. 1000.  to  Aug.  21. 1006 
Sept.   6.  1006.  to  Got.   22, 1006 
Dee.  18. 1006,  to  Feb.    6, 1007 
Feb.    4,  1007.  to  June    1,1007 
May  31, 1007,  to  July  10, 1007 
July  17, 1007,  to  Jan.     2,  1006 
Jan.     2.  1008,  to  Apr.     4,  1008 
Apr.    4,  1008,  to  May  28,  1008 

San  Fraadaoo  to  San  Diefo 
San  Diev>  to  San  Diego 
San  Diego  to  Fiji  Iilanda 
Fiji  IflUnda  to  Yokohama 

San  Diego  to  PH>eete,  Tahiti 
Papeete.Tahiti,toYangtae  R. 
Yangtae  R.  to  Sitka 
Sitka  to  Port  Lyttelton 
Port  Lyttelton  to  Callao 
CaUao  to  San  F^anoiaoo 

The  overlappings  of  dates  in  the  above  groups  indicate  that  the  same  coefficients  have 
occasionally  been  included  in  eaeh  adjustment  of  two  adjacent  groups. 

For  convenience  in  makmg  the  leastHsquare  adjustment  of  the  coefficients  and  in  com- 
puting coefficients  from  the  parameters  determined  by  this  leastHsquare  adjustment  for 
any  place  at  which  the  deviation  corrections  are  required,  the  eicpressions  for  the  coefficients 
have  been  modified  as  follows: 

DedinabUm. — ^Equations  (8)  to  (13),  page  79,  are  simplified  by  expressing  the  quan- 
tities in  degrees,  nuddng 

c  P  f  Q 

»==.«:^io  ^-xsml^  ^'■"Xsinl*^ 


•"     Xsinl^  '^     Xsinl^  *      X  sm  1^ 

and  dividing  the  expressions  for  Ag,  /><,  and  Eg  by  sin  1^.    Then 


•Ad"  r 


d-b 


X  2  sill  1° 
Bd-xtanJ  +  y^ 


H 


D.-^     ""* 


X  2SnP 


E..i 


d+h 


X  2smr 


(27) 
(28) 
(29) 
(30) 
(31) 


The  numerical  values  of  the  coefficients  B4  and  C<,  which  are  functions  of  the  horizontal 
intensity  and  inclination,  may  readily  be  computed  from  the  values  of  x,  y,  x',  and  y'  given 
for  the  period  of  time  covered  by  each  group-adjustment  in  Table  30  contaLung  the  dec- 
lination deviation-constants  and  parameters  for  standard-compass  position.    The  numerical 
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table.    The  parameters  i(^).^.^,_,_ 


vahieB  of  A4,  D49  and  £«,  which  are  constant  according  to  theory,  will  also  be  found  in  this 

-*^   ^  '^  **  A  f  and  f.  derived  from  the  values  of  X,  y. 

x^,  and  j/f  Agf  Dg,  and  Eg,  are  included  m  the  table  merely  for  the  purpose  of  comparing 
their  values  as  determined  from  the  different  groups,  or  for  comparing  them  with  those  of 
other  ships. 


TablbSO. 

-^"DtciinoiioH 

DeviaHoi 

Pi^Ofifia 

0^ 

Qroup 

Ag 

D4 

*4 

X 

V 

x* 

If' 

m) 

6 
X 

c 
X 

d 
X 

/ 
X 

P 
X 

Q 
X 

I 

2 

• 
.00 

0 
+  .07 

0 
-.08 

0 
-.0872 

9 

+  .0786 

e 

+  .1027 

e 

-.0427 

+  .0012 

-.0010 

-.0012 

-.0010 

+  .0018 

c.  g.  ff. 

+  .0013 

e.  g.  $. 
-.0007 

n 

1 

p          ' 

+  .10 

-.01 

+  .0428 

-.0494 

+  .0116 

-.0062 

+  .0017 

-.0002 

+  .0007 

-.0002 

+  .0002 

-.0009 

-.0001 

2 

.00 

+  .08 

-.08 

+  .0860 

-.0264 

-.0346 

-.0224 

+  .0006 

-.0006 

+  .0011 

-.0006 

-.0006 

-.0004 

-.0004 

8 

*                  # 

+  .07 

.00 

+  .0072 

+  .0148 

-.3406 

+  .1040 

+  .0012 

.0000 

+  .0001 

.0000 

-.0069 

+  .0003 

+  .0018 

ni 

1 

f 

+  .07 

-.02 

-.0184 

+  .000Q 

+  .0601 

-.0208 

+  .0012 

+  .0002 

-.0003 

-.0000 

+  .0009 

.0000 

-.0006 

2 

+  .18 

-.01 

+  .2686 

-.0080 

-.1012 

-.0363 

+  .0023 

+  .0003 

+  .0044 

-.0007 

-.0018 

-.0001 

-.0008 

3 

—  .08 

+  .14 

-.01 

-.1060 

+  .0671 

+  .1342 

-.0881 

+  .0024 

+  .0003 

-.0018 

-.0007 

+  .0023 

+  .0012 

-.0016 

4 

+  .11 

-.04 

+  .0622 

-.0207 

-.0400 

+  .0172 

+  .0018 

-.0002 

+  .0009 

-.0012 

-.0007 

-.0004 

+  .0003 

6 

+  .14 

.00 

+  .1688 

-.0823 

- . 1781 

-.0300 

+  .0024 

+  .0006 

+  .0028 

-.0006 

-.0031 

-.0006 

-.0006 

0 

\ 

+  .10 

.00 

-.1123 

+  .0182 

+  .0683 

-.0713 

+  .0017 

+  .0006 

-.0020 

-.0006 

+  .0010 

+  .0002 

-.0012 

Table  31. — IndinaHon  Deviatum-ConttanU  and  Parameter$  for  SeorDip^irde  Poaition, 


CraiM 

Group 

9 

V 

s 

x' 

y' 

f' 

x" 

«'" 

e 

/ 

g 

k 

P 

Q 

• 

• 

0 

0 

0 

0 

0 

0 

e,  g,  ff. 

e.  a.  ff. 

I 

2 

-0.890 

+  .360 

+  .188 

-1.468 

+  .946 

+  .642 

-.099 

+  .128 

-.0129 

+  .0420 

+  .0007 

-.0090 

+  .0064 

-.0224 

II 

+0.028 

-.037 

+  .014 

+0.029 

-.644 

-.026 

-.062 

.000 

+  .0010 

-.0100 

+.0002 

-.0090 

+  .0006 

+  .0009 

+0.067 

-.011 

+  .029 

-0.209 

-.009 

-.032 

-.037 

-.003 

+  .0012 

+  .0036 

-.0008 

-.0088 

+  .0010 

+  .0011 

-0.682 

-.097 

+  .208 

-1.937 

+  .493 

+  .662 

-.064 

+  .009 

-.0086 

+  .0424 

+  .0118 

-.0262 

+  .0072 

-.0198 

in 

+0.040 

-.008 

-.008 

-0.089 

-.023 

.000 

-.062 

+  .009 

+  .0008 

+  .0012 

—  .0006 

-.0020 

-.0002 

.0000 

+0.014 

+.on 

+  .017 

+0.362 

-.663 

-.014 

-.026 

+  .017 

-.0011 

-.0176 

-.0016 

-.0062 

+  .000d  +  .0006  1 

+1.884 

+  .289 

-.321 

+1.676 

-.232 

-.601 

-.040 

+  .032 

+  .0191 

-.0316 

-.0292 

+  .0236 

-.0112 

+  .0176 

+0.089 

+  .089 

+  .029 

-0.069 

-.188 

-.011 

-.014 

+.026 

+  .0003 

-.0012 

-.0028 

-.0038 

+  .00ld  +  .0004  1 

-0.682 

+  .678 

-.327 

-0.447 

+  .866 

-.286 

-.026 

-.009 

-.0202 

+  .0194 

+  .0002 

+  .0038 

-.0114 

+  .0100 

+0.188 

+  .140 

+  .086 

+0.390 

+  .020 

+  .014 

-.100 

+  .014 

+  .0003 

-.0064 

-.0066 

+  .0072 

+  .0023 

-.0006 

The  computation  of  the  deviations  is  greatly  expedited  by  a  tabular  arrangement  in 
all  the  values  of  any  columns  may  be  entered  at  one  time,  if  desired.  For  specimen 
computation,  see  page  92. 

Indinaiion. — ^Equations  (14)  to  (18),  page  79,  are  simplified  by  expressing  the  quantities 
in  degrees  and  by  m^lring 


c  —  g 
*''2  8inl» 

,      ft-f/ 
*  "2  sin  1' 

Thai  we  have 


A, 


y-  - 


«'  =  - 


X-M 

2sinl' 


2sinl** 

Q 

2sinl° 


sin  2/ 


Jt 


\-k-\ 


2sinl° 

_  ^,       sin  2/ 

B,  -  «  +  y  cos  2/ + «  — w— 


2sinl° 

o  — e 
"fwiV 

sin  27- 


./'/ 


h-f 
fsmP 

d  +  6 
4  sin  1" 


R 


WiVH 


■n  CO^  I 


C,-x'  +  y'coB2/+«' 
-£«-x"'8in27 


sin  2/ 
H 


(82) 
(38) 

(34) 

(86) 
(86) 
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The  values  of  x,  y,  z,  x^  y\  z^,  x'\  z"'^  and  the  parameters  c,  /,  g^  h,  P,  and  Q,  for  the 
period  of  tune  covered  by  each  group-adjustment,  are  s^ven  in  Table  31. 

The  computation  of  inclination-deviations  is  shown  in  Table  38,  page  92. 

Horizontal  Intensity. — ^The  least-square  adjustment  of  the  coefficients  and  the  compu- 
tations of  the  coefficients  and  deviations  are  more  conveniently  made  if  the  unit  of  fT  is  so 
taken  as  to  avoid  many  decimals.    This  is  accomplished  by  expressing  H  in  imits  of  the 

fourth  decimal  place  c.  o.  s.    If  also  x'  =  — ^"i  ^^^  ^"  ~  ~^^  ^^  *^  (^)  become 

il»-10*  =  H.10*(X-l)  Dii-10*  =  H.10*-x' 

B»10*-c£r.lO*.tan/  +  P.10*  E»- 10*=  -  J5r.lO*.x" 

C^.10*=-/iI10*.tan/-Q-10* 

The  numerical  values  of  B%  and  Ca,  expressed  in  units  of  the  fourth  decimal  place  c.  a.  s., 
may  readily  be  computed  from  the  values  given  for  the  period  of  time  covered  by  each 
group-adjustment  in  Tables  32  to  34,  which  give  the  deviation-constants  and  parameters  for 
the  positions  of  sea  deflector  and  of  sea  dip-circle.  For  the  position  of  sea  dip-circle  there 
are  two  sets  of  values:  one  is  derived  from  observations  of  the  horizontal  intensity  by 
deflections,  and  the  other  is  derived  from  the  loaded-needle  observations.  The  parameters 
X,  a,  6,  c,  d,  e,  /,  P,  and  Q  are  given  in  Table  32  for  the  sea-deflector  position.  For  the  dip- 
circle  position,  values  of  the  parameters  already  appear  in  Table  31,  which  were  deduced 
from  the  inclination  observations.  Tables  33  and  34  contain  additional  values  for  the 
same  parameters,  except  g  and  A,  as  also  for  X,  a,  e,  and  h. 

Table  32. — HoruonUd-IfUenniy  DeviaHon-ContianU  and  PcarameUn  far  Sea-D^fiedor  PonUon, 


Cruise  Group 


I 
II 


in 


1 
2 
3 

1 
2 
3 

4 
6 
6 


H 


-.00150 
-.00139 
-.00078 
+  .00094 
+  .00279 
+.00450 


-.00225 +.00108 

-.00308 +.00086 
-.00271 +.00160 
-.00322 +.00134 


+  .00066 
+  .00039 
+  .001^ 
+  .00064 
+  .00088 
+  .00102 


1.00318 


0.99754 


1  0.99897 


+  .00093 

-.00654 
-.00517 
-.00568 

-.00253 

-.00242 

-.00181 

-.00009 

+  .00176 +.00018 

+  .00347 +.00032 


+  .00606 

+  .00361 
+  .00070 
+  .01069 


+  .00138 
+  .00103 
+  .00499 
-.000061 +  .00294 
+  .00147 
+  .00043 


+  .00134 
+  .00158 
+  .00172 


+  .00543 


+  .00047 
+  .00036 
-.00025 
-.00197 
-.00382 
-.00553 


-.00187 


+  .000621  -  .00227  +  .0010 
+  .00025  +.00086  +.0012 
+  .00076  +.00404  -.0027 


-.00019 
-.00021 
+  .00011 
+  .00139 
-.00017 


e.  0.  t. 
+  .0015 


-.000201 +  .0009 
+  .0007 
-.0006 
+  .0003 
-.0009 
-.0004 


c.  g.  9, 
-.0001 

+  .0007 
-.0002 
-.0014 

.0000 
-.0001 
-.0005 
-.0006 
+  .0001 
-.0004 


Table  33. — HonzorUalrlntentUy  Deviatioip-CoiutanU  and  Parameters  far  Sea^Dip-Cirdt  PosUUm  (Loaded-Dip  OhaervaUont) 


OUIM 

Group 

«' 

«" 

X 

a 

e 

• 

/ 

k 

P 

Q 

c.  g. ». 

e.  g.  t. 

V 

2 

+  .00439 

-.00303 

1.00122 

+  .00561 

+  .00068 

-.00317 

-.0215 

-.0056 

-.0022 

+  .0028 

11 

1 

+  .00181 

+  .00041 

'      ' 

-.00014 

-.00065 

-.00376 

-.00146 

1      < 

-.0006 

+  .0009 

2 

+  .00206 

+  .00002 

0.99805 

+  .00013 

-.00061 

-.00403 

-.00634 

-.0088 

-.0006 

+  .0017 

3 

+  .00087 

+  .00054 

k                a 

-.00108 

+  .01294 

-.00282 

-.04750 

k      1 

-.0064 

+  .0163 

III 

1 

+  .00026 

+  .00102 

»                > 

+  .00076 

+  .00026 

+  .00024 

+  .00010 

I      ' 

-.0005 

-.0002 

2 

-.00047 

+  .00118 

+  .00003 

-.00562 

+  .00097 

+  .00139 

-.0007 

.0000 

3 

+  .00113 

-.00053 

1.00050 

+  .00163 

-.00976 

-.00063 

-.00630 

-.0063 

+  .0010 

+  .0004 

4 

+  .00155 

+  .00010 

+  .00206 

-.00649 

-.00105 

-.00701 

-.0011 

-.0001 

5 

-.00380 

-.00289 

-.00339 

-.02128 

+  .00439 

+  .03148 

+  .0004 

-.0016 

6 

-.00316 

+  .00080 

k                 4 

-.00266 

-.01279 

+  .00366 

+  .02125 

>      • 

+  .0032 

-.0019 

^Tha  deviatiozi-oorrootiozis  were  not  computed  from  these  parameten,  but  were  taken  from  a  deviatkm-taUe 
based  on  the  analysis  of  eaoh  swine. 
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One  value  of  R  has  been  deduced  for  the  sea-dip-circle  position  which  applies  to  the 
three  cruises.    It  is  12=  —0.0010  c.  g.  s. 

Tablb  34. — Hmuontai'IfiUntUy  DenaUan^onstanU  and  Parameters  for  Sea-Dip-Cirde  PoeiHon  (Deflection  Obeervatiom) } 


Cndm 

Group 

s' 

»" 

X 

a 

6 

« 

/ 

k 

P 

Q 

c.  g.  f . 

c.  g,  a. 

n 

1 

+  .00147 

-.00062 

•           * 

+  .00066 

-.00061 

-.00228 

+  .00187 

-.0009 

-.0005 

2 

+  .00174 

+  .00047 

0.00010 

+  .00093 

-.00068 

-.00255 

-.00438 

-.0076 

-.0009 

-.0004 

3 

+  .00134 

+  .00046 

>           • 

+  .00063 

+  .00834 

-.00215 

-.00756 

i                           t 

-.0052 

+  .0010 

lU 

1 

+  .00104 

-.00002 

»           « 

-.00613 

+  .00044 

-.00721 

-.00115 

f                            ' 

-.0008 

-.0003 

2 

+  .00141 

+  .00009 

-.00476 

-.00207 

-.00758 

+  .00009 

-.0009 

-.0006 

3 

+  .00224 

-.00066 

0.90383 

-.00393 

-.00285 

-.00841 

-.00180 

-.0130 

-.0011 

+  .0001 

4 

+  .00131 

-.00060 

-.00486 

-.00303 

-.00748 

-.00245 

-.0013 

-.0007 

6 

+  .00150 

-.00001 

-.00467 

-.00531 

-.00767 

+  .00244 

+  .0004 

-.0006 

0 

+  .001M 

-.00036 

b           * 

-.00418 

-.00389 

-.00816 

+  .00618 

k           * 

-.0004 

+  .0001 

A  specimen  computation  of  the  horizontal-intensity  deviations  for  April  14,  1008,  at 
the  seardeflector  position,  will  be  foimd  in  Table  39,  page  92. 

General  Remarks. 

On  comparing  the  values  of  the  parameters,  group  by  group,  for  any  one  instrument- 
poBttioni  changes  will  be  found  for  which  no  complete  explanation  can  be  given.  They 
may  be  ascribed  partly  to  dynamic  e£Fects,  partly  to  real  changes  that  have  occurred  in 
the  magnetism  of  the  ship  because  of  one  course  having  been  held  approximately  throughout 
the  periods  of  the  groups. 

Some  of  the  parameters  at  the  sea-dip-circle  position  are  deduced  both  from  observa- 
tions of  inclination  and  horizontal  intensity.  The  differences  between  these  two  deter- 
minations may  be  referred  to  instrumental  deviations  partly,  and  partly  to  dynamic  effects. 

The  deviation-equations  for  sea  deflectors  1  and  2  show,  very  clearly,  the  existence  of 
instrumental  deviations.  The  latter  may  be  caused  by  small  impurities  in  the  metal  parts 
or  by  lack  of  exact  centering  of  the  card  in  the  compasses  which  had  to  be  used  with  these 
deflectors.  In  view  of  their  small  magnitude,  they  may  always  be  treated  as  part  of  the 
shq;)  deviations. 

Starboard  Angle  at  the  Three  Positions  of  the  Gaulee  Instrxtments. 

The  starboard  angle,  a,  is  defined,  in  treatises  on  magnetism  of  ships,  as  the  direction 
of  the  resultant  of  the  forces  producing  semicircular  deviation  in  the  compass.  It  is 
detennmed  from  tiie  equation 

tana  =  CV5'i  •  (37) 

It  fies  in  the  horizontal  plane  passing  through  the  instrument,  and  is  reckoned  positive 
from  the  ship's  head  around  by  starboard.  Expressing  C/  and  B/  in  terms  of  parameters, 
the  above  equation  becomes 

l(/tan/+^     jfZ+Q     _fz__^     Q 

P\  "  cZ+P  *  cZ+P  "•"  cZ+P 


tana  » 


i(ctan/+|) 


(38) 


Fmn  this  equation  it  is  evident  that  if  /  and  e  are  not  zero,  the  starboard  anj^e,  a,  is 
not  c(nistant  as  the  vessel  sails  around  the  world. 


H>n  tlw  ymtm  portfen  o(  CniiM  I.  tbe  daflMtion  method  wm  not  avaiUbl.  Cn.  v9-  21-^B).    Th.  dwrimttoa-wtm 
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If  the  value  of  the  starboard  angle  is  represented  by  a\  when/and  c  are  both  zero,  then 

(39) 


tana'»^ 


which  determines  the  direction  of  the  resultant  of  the  forces  of  permanent  magnetism 
that  produce  semicircular  deviation.    If  the  value  of  this  resultant  be  p^  we  have 

p'  =  V^+5?  (40) 

Similarly,  if  the  starboard  angle  is  represented  by  a^^  when  P  and  Q  are  both  sero,  then 


.fZ_f 


tana  «^-- 
cZ    c 


(41) 


which  determines,  under  the  conditions  stated,  the  direction  of  the  resultant  of  the  forces 
of  induced  magnetism  that  produce  semicircular  deviation.  Representing  by  p'^  the 
value  of  this  resultant 

p''^V(cWWW  (42) 

The  angles  a'  and  a*^,  and  the  resultant  p',  are  theoretically  constant  for  the  same  vessel 
in  all  parts  of  the  world,  but  the  values  of  the  resultant  p^  and  the  starboard  angle  a 
depend  upon  the  vertical  intensity,  Z,  of  the  Elarth's  magnetic  field. 

The  angle  a'  is  completely  determined  by  the  values  and  the  signs  of  P  and  Q. 
The  angle  a*^,  however,  is  not  so  completely  determined  from  equation  (41),  since  a 
positive  value  of  c  may  result  from  soft  iron  forward  of  and  below  the  instrument  or  from 
soft  iron  abaft  the  instrument  and  above  it.  Moreover,  a  positive  value  of  /  may  result 
from  the  presence  of  soft  iron  to  starboard  of  the  instrument  and  below  it  or  from  the 
presence  of  soft  iron  to  port  and  above  the  instrument. 

Tabli  35. — Valuet  of  Ike  Anfflea  a'  and  a"  and  of  the  BeeuUani  of  the  ComponenU  of  Permanent  Magnetiemfor  the  OaUke. 


Instniment  Position 

Cruise  I.  1906> 

Cruise  II.  1906 

Cruise  III.  1906-08 

a' 

«" 

P' 

a' 

a" 

P' 

a' 

a" 

P' 

D«fleetor 

366 
332 
282 

o 

347 
124 
121 

e.g.i. 
.002 
.002 
.010 

240 
128 
167 

0 

8 
287 
293 

c.a.», 

.000 
.001 
.001 

270 
274 
133 

e 
3 
341. 
174 

.000 
.001 
.002 

Standard  Compaaa 

Dip  Cirda 

On  the  OalUee  certain  assumptions  are  admissible  which  remove  the  ambiguity  of 
the  algebraic  signs  of  c  and  /.  The  rigging  was  changed  from  iron  to  hemp.  The  mi^nets 
of  the  instruments  were  about  16  feet  above  the  deck.  Hence,  the  iron  on  the  Galilee 
was  practically  all  b^ow  the  instruments,  so  that  positive  values  of  c  and  /  indicate  com- 
ponents of  induced  magnetism  respectively  forward  of  and  to  starboard  of  the  instrument, 
and  negative  values  indicate  components  abaft  and  to  port.  With  these  assumptions, 
the  values  of  a',  a^,  and  p'  in  Table  35  have  been  calculated.  The  varying  values  for 
different  cruises,  or  even  for  parts  of  the  same  cruise,  are  explained  by  changes  in  the 
magnetism  of  the  ship  and  by  observational  error.  It  is  evident  that  if  the  parameters 
P,  Q,  c,  and  /  are  but  little  larger  than  the  possible  errors  of  their  determinations,  then 

the  ratios  p  and  -  must  be  very  uncertain.    Actual  changes  were  made  in  the  Odlilee 

between  cruises  for  the  purpose  of  reducing  the  deviations.  Other  changes  in  the  mag- 
netism of  the  ship  may  occur  from  the  continued  buffeting  of  the  sea  while  headed  con- 
tinuously in  one  direction. 

.^Fh>m  August  24  to  Deoember  13,  1906. 


Ship  Dbyiatton-Cobfficixnib 
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Table  36  gives  for  the  chief  vessels  which  have  been  engaged  in  ocean  magnetic  work 
the  12  fundamental  deviation-constants  (or  combinations  of  them)  that  represent  the 
induced  and  permanent  magnetic  forces  aboard  ship.  The  data  for  the  first  four  vessels 
have  been  taken  from  Bidlingmaier's  article,  page  486  of  the  1905  edition  of  Neumayer's 
"  Anleitungen^ ' ' ;  sm.  in  the  table  means  a  small  value.  The  data  for  the  Discovery,  1904, 
are  taken  from  pages  148^149  of  the  volume  on  ''Physical  Observations  of  the  National 
Antarctic  Expedition,  1901-1904.''    A'^  and  E'^  were  assumed  to  be  zero.* 

It  will  be  noticed  that  for  the  OalUeef  at  each  instrument-position,  the  constants  are, 
in  general,  smaller  than  those  for  previous  vessels.  Furthermore,  the  deviation-corrections 
for  two  different  instrument-positions,  e.  g.,  as  used  in  getting  H,  are  of  varying  amount 
and  even  of  different  sign,  so  that  the  resultant  mean  effects,  as  shown  in  the  last  column, 
are  very  small.  The  values  in  Table  36  are  the  means  of  the  3  cruises,  giving  each  cruise 
equal  weight. 

Tamem  36. — DeviaHonrComianti  for  the  Chuf  Fetaelt  wki^  ham  been  engaged  in  Ocean  Magnetic  Work. 


tAU  qnantitiM  are 


in  vnlta  of  tho  thiid 
unitt  of  tlM  tliiid 


ezeept  X.    P,Q,R 
a  o.  •.] 


in 


Constant 

Erebus, 

1839 

to 

1842 

ChaUenger, 

1873 

to 

1876 

GaMlle. 

1874 

to 

1876 

Oauee, 

1901 

to 

1903 

1904 

Oaiaee,  1905-1908 

Stand. 
Comp. 

Sea 
Deflector 

Sea  Dip 
Circle 

Mean 

Q 

M 

0.991 
0 

+  7 

fm. 

+27 

■n. 

+26 

■m. 

+  3 

■n. 

nn. 

■n. 

0.999 
+  2 
+  6 

0 

0 

0 
+  8 

0 
-33 
+13 

0 
-40 

0.980 
+  6 
+11 

-  2 

+13 
+  9 
+21 

-  7 
-21 
+  8 

-  3 

-  2 

1.003 

+  6 
+21 

0 

-  6 
0 

-12 

+  1 

-13 

+  2 

0 

-  2 

0.973 

0 

+     19 

0 

0 
+2 
-1 

1.000 

+1 
-2 

+1 

.999 

+  1 

0 

-  1 

-  6 

-  3 
+  2 

-  8 
0 

-  3 

-  1 

1.000 
0 
0 

0 

-  1 

-  6 
0 

+  1 

-  8 
0 

-  1 

-  1 

+    3 

0 

-  22 

+    3 
0 

+    4 

0 
0 

+4 
0 

0 
0 

0 
0 

SPECIMEN  CX)MPUTATIONS  OF  DEVIATION-<X>RRECTIONS. 

As  specimens,  the  deviation-corrections  will  be  computed  for  April  14,  1908,  the  day 
on  which  the  specimen  observations,  ^ven  on  pages  46-53,  were  made.  This  day  falls  in 
group  6  of  Cruise  III  (Callao  to  San  Francisco). 

DetUnation. — ^For  the  morning  observations  we  have  the  approximate  values  H  «  0.328 
c.  o.  B.,  and  /  »  —  0?2;  for  the  afternoon  observations,  H  «  0.330,  and  /  »  +  0?1.  The 
coarse  for  both  a.  m.  and  p.  m.  was  WSW;  hence,  j"  ->  247?5.  The  deviation-correction, 
applied  to  both  a.  m.  and  p.  m.  declinations  (see  Table  37,  p.  92),  is  —0^.08. 

Indinaiion. — H  «-  0.330  c.  g.  s.  approximately;  /  »  —  0^.3  approximately;  course, 
W;  hence,  f  »  270^ 

>eea  iif enoea  in  footnote,  p.  78. 

The  foUowing  two  departoree  from  the  geoeraUy  aeoepted  notation  ooeur  in  the  Dieconry  imbUeation,  tib,  d  haa 
uflBaUj  aMignerl  to  ik.  and  F  that  uauaUy  aincned  to  B. 
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Tuu  Z7.—ComjnitaliM  ef  IMutaHoi^-DtnaHont  for  aUmdariCompau  (S50  PMOkm  m  April  14, 1908. 


ftomTrfrfe30{p.87):A.— rO3;D(-+:lO;«<-rO0;*--rll23;»-+rO132;«'-+TO563;F'— 

?07I3. 

tMlI 

H 

tuni 

« 

Bt 

x-tw/ 

C4 

A« 

Shrill  tCtfM.tD<dii2{>«a>.2{ 

Devi* 

0.00 
0.00 

3.06 
8.03 

.000 
.000 

+  .0*0 
+  .040 

+  .0* 
+ -Oi 

.000 
.000 

-.317 
-.316 

-.23 
-.23 

-.03 
-.03 

-.M 

-.0* 

+.06 
+  .08 

+  .07 
+.07 

.00 
.00 

+.08 
+  .08 

Tabli  38.— Compirfafum  <^  Indination-DinatumM  for  Soo-Dip^HrtU  PooOim  on  AprU  14, 1908. 

PonuaU:  l/-J|+£|Ooar+C|aiir+'>(«M2r+S|iin2r 

ftomT«l>le31(p.87)r«-+T186;y-+!14fl;«-+r066;«'-+!390;»'-+«020;i'-+?014;«"--TIOO;-«"'— ?014. 

Vm  oonqHitiiii  Ai  from  (32),  (X— fc-l)/2  oin  1'-  +07196,  ud  S/ain  1*-  -0T05S  fw  mD  3  onian. 


The  computation  ftssumea  an  approximate  value  of  /  of  — 0?3,  which,  when  the  deria- 
tion-coirectioQ,  +0?2,  is  applied,  becomes  — 0?1.  A  recomputation  vilii  this  new  value 
of  /  would  not,  however,  make  any  material  difference  in  the  value  of  the  deviation. 

Horixontal  Intensity. — The  tabular  arrangement  adopted  for  tits  computation  of  the 
horizontal-intenmty  deviations  la  exemplified  by  the  calculation  of  the  value  for  April  14, 
1908,  at  the  seardeflector  position.  H  =  3280  ^intndmately,  in  units  of  fourth  decimal 
c.  a.  B.;  /  =  —  0;3  approximately;  course,  W,  hence,  f  =  270°.  The  resulting  deviation- 
c(HTection  is  +22  unite  in  the  fourth  dedmal  c.  o.  s. 

Tabu  39. — Computation  of  the  fforia>n(al-/ntennlv  Dtoiatioiufor  Sm-DefUdor  PotOioH  on  April  14, 1908. 

Fonnulft:  lH-At+BMtOB[+CtKnr+Duix»2{+Bttiii2t 

FKnDbottcMiiUneotTabIe32Cp.88):    P-10'--4;  <M0'--4;  e-+.000i3; /--.00017; 

*'-  +.00450;  *"-  +.00102. 


VahiM  of  H.  A^  Bt.  Cft.  D^.  B^  u>d  the  devUtion  » in  umU  of  tba  4th  demnuJ  0.  0.  a. 

Ual 

Htaal 

cBUal 

fl. 

fBtanl 

c» 

D, 

*l 

A, 

B,eo.r 

Ctdnt 

D,f>o.2f 

X.rinSI 

Devu- 

-.006 

-1« 

0 

-4 

0 

+4 

+18 

-3 

-3 

0 

-4 

-is 

0 

-33 

The  horisontal-iDtenBity  deviations  for  the  dvp-drde  position  woe  obtained  on  a  form 
rimilar  to  that  shown  in  Table  39. 


OCEAN  MAGNETIC  OBSERVATIONS  ON  THE  GALILEE,   1905-1908. 

EXPLANATORY  REMARKS. 

As  nearly  as  possible  the  same  conventions  have  been  followed  in  the  presen- 
tation of  the  ocean  magnetic  results  obtained  on  the  Galilee  during  the  three  years 
August  1905  to  May  1908  as  adopted  for  the  land  magnetic  results  in  Volumes  I 
and  II. 

Stations. — ^It  will  be  seen  that  the  results  are  tabulated  separately  for  each  of  the 
three  cruises  of  the  Galilee^  all  of  which  were  in  the  Pacific  Ocean.  Next  \mder  each  cruise 
the  stations  or  points  at  which  the  observations  were  made  are  arranged  chronologically, 
and  they  are  numbered  accordingly.  Thus  for  Cruise  I,  the  stations  are  niunbered  from 
1  G I  (Station  1  Galilee  Cruise  I)  to  104  G I  (Station  104  Galilee  Cruise  I)  inclusive.  Suni- 
larly  for  Cruise  II,  the  numbering  proceeds  chronologically  from  1  G  II  (Station  1  Galilee 
Cruise  II)  to  125  G II  (Station  125  Galilee  Cruise  II).  The  stations  for  Cruise  III  proceed 
chronologically  from  1  G  III  to  213  G  III. 

Geographic  PosUume. — ^The  second  and  third  columns  contain,  respectively,  the 
latitude  and  longitude  (coimted  east  from  Greenwich),  expressed  in  degrees  and  minutes, 
to  the  nearest  minute  of  arc.  The  latitudes  and  longitudes  for  the  points  of  observation  at 
sea  were  determined  in  accordance  with  the  methods  described  on  pages  5S-60;  in  general 
tbqr  may  be  regarded  as  correct  within  2  or  3  nautical  miles.  When  no  astronomical 
observations  were  possible  for  several  days,  the  error  in  latitude,  or  in  longitude,  may 
amount  to  5  or  even  10  miles,  depending  upon  circumstances.  The  geographic  positions 
of  the  harbor  stations  are  in  general  known  within  1  minute  of  latitude  and  longitude. 

Date. — The  date  on  which  the  magnetic  observations  were  made  is  recorded  in  the 
fourth  column.  The  following  abbreviations  have  been  adopted  for  the  months  of  the 
year:  Jan,  Feb,  Mar,  Apr,  May,  Jun,  Jul,  Aug,  Sep,  Oct,  Nov,  Dec.  The  year  is  indi- 
cated at  ihe  head  of  the  column. 

Magnetic  Elements. — ^The  values  of  the  magnetic  elements  (declination,  inclination, 
and  horijBontal  intensity)  will  be  found  in  the  next  columns,  preceded  in  each  case  by  the 
local  mean  time  (L.  M.  T.)  of  observaticm,  expressed  to  nearest  0.1  of  an  hour.  In  cases 
where  the  observations  which  make  up  the  mean  value  are  numerous  and  are  scattered 
over  various  parts  of  the  day,  so  that  the  mean  may  be  practically  taken  as  the  mean  of 
day,  the  local  mean  times  are  replaced  by  the  word  ''various" ;  in  such  cases  the  nmnber 
of  determinations  from  which  the  mean  value  is  derived  is  indicated  for  the  shore  results 
(pp.  105-110),  in  general,  by  a  nmnber  inclosed  in  parentheses.  Where  niunerous  obser- 
vations were  made  diuing  a  certain  interval,  as  during  a  vessel  swing,  it  has  appeared 
desirable  to  give  the  local  mean  times  of  the  beginning  and  of  the  ending  of  the  swing.  The 
local  mean  times  are  given  according  to  civil  reckoning  and  are  counted  from  midnight 
as  sero  hour  continuously  through  24  hours;  16^  for  example,  means  4  o'clock  p.  m. 

The  ocean  values  of  magnetic  declination  and  inclination  are  given  in  degrees  and 
minutes,  to  the  nearest  minute  of  arc.  No  claim,  however,  is  made  that  they  are  correct  to  a 
minute  of  arc.  In  general  the  error  in  the  tabulated  value  is  about  5'  to  10\  or  less;  in 
some  cases  the  error  may  be  15'  to  20^  depending  on  the  severity  of  the  conditions 
encountered  during  the  observations.  It  was  thought  best  to  retain  the  original  quantities 
resulting  from  the  computations  until  the  various  corrections,  mentioned  below,  had  been 
applied.  The  error  of  a  harbor  result,  usually  depending  upon  extensive  observations 
the  swing  of  the  vessel,  is  generally  not  over  5',  and  may  be  less.    Only  the  mean 
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quantities  resulting  from  the  obeervations  with  all  instruments  used  for  any  particular 
element  are  given.  The  letters  E  and  W  serve  to  indicate  whether  the  magnetic  declination 
is  east  or  west  of  north.  The  letters  N  and  S  show  whethar  the  northnseeking  end  of  the 
magnetic  needle  points  below  the  horizon,  as  it  does  in  the  northern  magnetic  hemisphere, 
or  above,  as  it  does  in  the  southern  magnetic  hemisphere. 

The  ocean  values  of  horizontal  intensity,  derived  as  explained  on  pages  23-26  with  all 
instruments  employed,  are  tabulated  to  the  fourth  decimal  of  the  c.  g.  s.  unit  of  magnetic 
field-intensity.  In  magnetic-siu^ey  work  on  land  the  fourth  decimal  is  often  imcertain  by 
one  or  more  units,  and  in  ocean  work  the  error  may  approach  a  unit  in  the  third  decimal 
place.  It  is  thus  to  be  understood  that  no  claim  is  made  for  the  correctness  of  the  last 
figure;  it  has  been  retained  here  primarily  in  ord^  that  when  all  reductions  to  common 
epoch  have  been  applied  on  account  of  the  various  magnetic  variations,  the  error  (due 
purely  to  computation)  will  be  kept  down  to  the  desired  limit. 

The  question  whether  to  give  values  of  the  horizontal  intensity  exclusively,  or  values  of 
total  intensity,  was  decided  in  the  previous  voliunes,  for  reasons  there  stated,  in  favor  of 
the  former. 

The  instruments  used  are  shown  in  the  columns  " Compass"  and  ''Dip  Circle."  The 
designations  of  the  various  instruments  employed  will  be  foimd  stated  on  pages  28^2. 
The  term  ''Compass"  also  includes  the  "Sea  Deflector,"  with  which  both  declinations  and 
horizontal  intensities  were  observed,  as  described  on  pages  17-19.  The  term  "Dip  Circle" 
likewise  includes  the  "Sea  Dip-Circle"  when  used  for  determination  of  the  total  intensity 
from  which  the  horizontal  intenfflty  is  derived,  as  explained  on  page  23.  The  designation 
169.125^,  for  example,  means  that  dip  circle  169  was  used,  the  inclination  being  observed 
with  regular  dip  needles  1  and  2,  and  with  deflected  needle  3,  and  that  the  total  intensity 
was  observed  with  the  same  instrument  by  the  deflection  method,  using  the  intensity 
needles  3  and  4  (the  ones  italicized).  Similarly  189.9,10,75  means  that  inclination  was 
observed  with  dip  circle  189,  using  regular  dip  needles  9  and  10,  and  deflected  needle  7, 
and  that,  furthermore,  total  intensity  was  obtained  by  the  deflection  method,  using  inten- 
sity needles  7  and  8.  Invariably  the  intensity  needles  are  italicized  and  are  given  last. 
The  higher  nimiber  of  the  two  intendty  needles  always  designates  the  chief  intensity  needle 
(the  deflecting  and  the  loaded  needle).  Whenever  the  total  intensity  was  determined 
from  both  loaded-dip  observations  and  deflections,  this  fact  is  shown  by  the  addition  of  the 
dagger  (f) ;  thus,  e.  g.,  169.125>(t,  or  189.9, 10,75ti  &8  the  case  may  be.  When,  as  had  to  be 
the  case  with  sea  dip-circle  169  on  a  portion  of  the  Galilee^ s  first  cruise  (see  p.  19), 
total  intensity  was  obtained  only  with  the  loaded  needle  (No.  4),  and  the  inclination  was 
observed  with  the  regular  dip  needles  (Nos.  1  and  2),  then  the  designation  is  169.12^.  By 
turning  to  the  method  of  observations,  pages  17-26,  and  33-58,  any  additional  explaiuttion 
may  be  obtained.    (See  also  inventory  of  instruments  used  aboard  the  GoZilee,  pp.  28-32). 

The  colimms  of  "Remarks"  contain: 

a.  Course.  This  is  the  ship's  magnetic  course  (heading)  on  which  the  observations  were 
made.  When  the  word  "swing"  occurs  this  means  that  the  vessel  was  swung  during 
observations.  A  harbor-swing  of  vessel  implies  that  the  vessel  was  swung  on  at 
least  8  equidistant  headings  with  both  port  and  starboard  hdms.  The  swinge 
at  sea  with  a  sailing  vessel  could  rarely  be  complete,  tbe  aim,  however,  being,  m 
general,  to  secure  8  equidistant  heamngs;  not  infrequently  one,  two,  or  even 
three  out  of  the  desired  8  equidistant  hefuiings  would  be  miined.  For  all  swings, 
the  local  mean  times  pven  in  the  respective  columns  denote  the  times  of  beginning 
and  ending  of  the  swmg.  The  deviation-coefficients  and  details  regarding  swings 
will  be  found  in  Tables  23  to  28,  pages  81-85. 

In  the  case  of  the  Carnegie,  bemuse  of  the  absence  of  deviation-correctioDS, 
it  was  also  possible  to  make  observations  when  tike  vessel's  heading  was  shifting, 
as  would  be  the  case  when  the  vessel  was  ''becalmed,"  or  "at  anchor." 
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b.  Boll.    This  column  records  the  average  fyU  angle  through  which  the  ship  rolled,  from 

side  to  side;  it  is  double  the  recorded  clinometer-readingg. 

c.  Sea.    The  state  of  the  sea  is  indicated  by  the  following  symbols: 

B. — ^Broken  or  iiregular  sea.  H, — ^Heavy  aea.  R. — ^Rough  sea. 

C — Choppiiig,  short  or  eross  sea.  L. — ^Long,  roUing  sea.  S. — Smooth  sea. 

O. — Qroimd  swdl.  M, — ^Moderate  sea,  or  swdl.  T. — ^Tide  rips. 

When  different  observers  record  the  state  of  the  sea  independently,  it  frequently 
happens  that  their  estimates  or  designations  vary.  In  many  of  these  cases  one 
particular  letter  was  selected,  after  a  careful  consideration  of  all  the  symbols 
given  by  the  various  observers,  supplemented  by  the  recorded  ship's  roll,  and  by 
other  notes. 

d.  Wealher.    The  symbols  denoting  the  state  of  weather  at  the  time  are  those  in  general  use : 

h, — Clew,  bhie  sky.  I, — Tiightning.  «. — Snow. 

e.— Clouds.  m. — Misty.  (. — ^Thunder. 

d. — ^Drissling  or  light  rain.  o. — Overcast  u. — ^Ugly  i4;>pearanoe8,  threatening  weather. 

/. — ^Fog  or  foggy  weather.  p. — ^Passing  showeis.  v. — ^Variable  weather. 

f . — Gloomy,  dark,  stormy.  q. — Squally.  ir. — ^Wet  or  heavy  dew. 

k, — ^HaiL  r. — ^Rain.  f . — ^Hasy  weather. 

Weights. — ^The  figures  given  in  the  column  marked  ''Wt."  are  the  weights  assigned 
the  results  on  the  following  scale,  which  expresses,  in  a  general  way,  the  conditions  as  to  sea, 
weather,  instruments  and  experience  imder  which  the  observations  were  made:  1  denotes 
severe  or  adverse  conditions;  2,  medium  conditions;  and  3,  favorable  conditions. 

The  application  of  variation  corrections  to  the  observed  results  on  account  of  the 
mmieroiis  variations  of  the  Earth's  magnetism,  e.  {/.,  diurnal  variation,  secular  variation, 
magnetic  perturbations,  etc.,  is  deferred  to  the  volimie  in  which  all  the  magnetic  data, 
obtained  both  on  land  and  sea,  will  be  simmiarized  and  reduced  to  a  conmion  epoch. 
(That  volume,  No.  V,  can  not  appear  until  some  time  after  the  completion  of  the  present 
cruise  of  the  Carnegie  in  1917.  Whether  it  will  be  worth  while,  in  the  case  of  the  ocean 
data,  to  i^yply  any  other  corrections  than  those  on  accoimt  of  secular  change  will  there 
receive  ccmsideration.)^  To  avoid  undue  delay  in  the  promulgation  of  the  accumulated 
data,  and  in  view  of  the  inaccuracies  of  the  magnetic  charts  at  present  in  use,  it  is  con- 
sidered best  to  publish  the  observed  results  as  obtained  with  no  corrections  applied,  except 
the  reductions  to  the  magnetic  standards  of  the  Department,  as  fully  explained  in  the 
aactioQ  on  this  subject.  However,  since  for  the  magnetic  elements  tabulated  the  precise 
data  and  local  mean  time  of  each  observation  are  given,  the  reader  is  supplied  with  the 
required  information  in  case,  for  some  purpose  of  his  own,  he  desires  to  reduce  the  observed 
vmhies  to  some  mean  time. 

Local  Magnetic  Disturbance. — ^As  in  Volmnes  I  and  II,  the  asterisk  (*)  is  used  through- 
out to  indicate  a  station  where  local  magnetic  disturbance  is  known  to  exist. 

COMBININO  WnOHTS  ASSIGNED  TO  DIFFERENT  InSTBXTMENTS  AND  METHODS. 

The  tabulated  values  of  the  magnetic  elements  are  usually  the  weighted  means  of  two  or 
more  results,  obtained  by  means  of  two  different  instruments,  or  by  two  different  methods. 
To  obtain  the  weighted  value  of  the  declination,  the  results  of 

Compass  Rl A  (prism)    was  given  a  weight  1 1  p,^jj_  t 
RIA  (alidade)  was  given  a  weight  1 

RIB  (prism)  was  given  a  weight  1 
RIB  (alidade)  was  g^ven  a  weight  1 

R3G  (prism)  was  given  a  weight  2 
R3C  (alidade)  was  g^ven  a  weight  2 
D2  (prism)  was  given  a  weight  1 
D2    (alidade)  was  given  a  weight  1 


Cruise  II 


Cruise  III 


IV  k  to  oootain  Uie  m^puntio^wumf  lemlta  lOli-1017  Mid  nporti  oo  wgutul 
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Double  weight  was  pven  to  the  results  with  R3C  for  Cruise  III  for  the  reason  that 
the  declination  deviation-coefficients  were  much  better  determined  for  the  R3C  position 
on  the  observing  bridge  than  for  the  D2  position. 

The  weighted  mean  value  of  the  inclination  was  obtained  by  assigning  the  weight  2 
to  the  result  of  each  dip  needle  and  the  weight  1  to  the  result  of  each  complete  observation 
of  deflected  dip.  Hence,  the  deflected  dip-results  from  long  and  short  distance  each 
received  a  weight  of  1,  or  if  the  observation  at  one  distance  was  repeated  the  result  received 
a  weight  of  2.  The  weighted  mean  value  of  the  horizontal  intensity  was  obtained  by 
assigning  weights  3,  2,  and  1  to  the  deflector  results,  the  sea-dip-circle  results  by  defleo- 
tions,  and  the  sea-dip-circle  results  by  loaded  needle,  respectively,  when  they  were  obtained 
under  normal  sea  conditions.  But  when  the  observations  were  made  under  unfavorable 
conditions  of  motion,  or  with  small  values  of  the  horizontal  intensity,  the  weights  assigned 
were  then  6,  4, 1  in  the  same  order.  In  some  exceptional  cases  equal  weights  were  assigned 
the  results  obtained  by  deflector  and  by  sea  dip-circle,  deflected  dip,  or  loaded  dip,  as  in  the 
case  of  swings,  exceptionally  quiet  conditions,  etc. 

DISTRIBUTION  OF  STATIONS. 

Table  40  shows  for  each  cruise  of  the  Galilee  the  number  of  days  consumed  (adding 
to  the  days  at  sea  those  spent  in  the  harbor-swings  of  vessel),  the  length  of  the  cruise  in 
nautical  miles,  the  number  of  tabulated  values,  respectively,  of  declination,  inclination, 
and  horizontal  intensity,  next  the  average  time-interval  between  observations,  as  well  as 
the  average  distance  apart.  It  will  be  seen  that,  for  the  total  length  of  the  Galilee*s 
three  cruises  (63,834  nautical  miles  in  the  Pacific  Ocean),  the  magnetic  observations, 
whether  of  declination,  inclination,  or  horizontal  intensity,  were  made,  on  the  average, 
every  two  days  apart  in  time  and  about  200  miles  in  distance. 

Table  40. — Summary  thowing  the  DistrtbuHon  of  the  Galilee  Magnetic  Obeervaiioru  lOO&'lBOS. 


Cruise 

Niimber 

Number  of  Stations 

Average  Time-Interval 

Average  Distance  Apart 

Days 

Miles 

Decl*n 

Inol'n 

Hor.  Int. 

Deol'n 

Inol'n 

Hor.  Int. 

Deol'n 

Ind'n 

Hor.  Int. 

I,  1905 

92 
168 
334 

10.671 
16.286 
36.977 

74 

95 

156 

58 

88 

169 

59 

91 

171 

d 

1.2 
1.8 
2.1 

d 

1.6 
1.9 
2.0 

d 

1.6 
1.8 
2.0 

mtZet 
143 
171 
237 

182 
185 
219 

umIss 
179 
179 
216 

II.  1906 

III.  1906-1908.... 
I.  II.  and  III 

594 

63,834 

325 

315 

321 

1.8 

1.9 

1.9 

196 

203 

199 

OBSERVERS  AND  COMPUTERS. 

The  Table  of  Ocean  Results  differs  from  the  Table  of  Land  Results,  published  in  Volumes 
land  II, in  one'other  respect  besides  those  already  shown  in  the  foregoing  explanationSi  viz, 
that  the  observers'  initials,  for  practical  reasons,  had  to  be  omitted.  The  magnetic 
results  for  any  one  day  are  the  combined  product  of  all  the  observers  aboard  at  the  time. 
Those  who  took  part  in  the  observations  for  the  various  cruises  of  the  GalUee  are  as  follows : 

Cruise  /.— J.  P.  Ault,  L.  A.  Bauer,  J.  H.  Egbert,  J.  F.  Pratt,  and  P.  C.  Whitney. 
Cruise  II. — J.  P.  Ault,  H.  E.  Martyn,  J.  C.  Pearson,  and  W.  J.  Peters. 
Cruise  III.— P.  H.  Dike  (begmnmg  August  1907),  J.  C.  Pearson  (to  July  1907), 
W.  J.  Peters,  G.  Peterson,  and  D.  C.  Sowers. 

The  chief  persons  who  have  taken  part,  at  various  times,  in  the  comparisons  and 
determination  of  instrumental  constants  at  Washington,  in  the  final  office  reductions,  or 
in  the  preparation  of  results  for  publication,  are:  J.  P.  AvU,  L.  A.  Bauer y  J.  J.  Carey, 
P.  H.  Dike,  C.  R.  Duvall,  H.  M.  W.  Edmonds,  C.  C.  Ennis,  H.  W.  Fisk,  J.  A.  Fleming, 
H.  D.  Harradon,  H.  F.  Johnston,  R.  R.  Mills,  J.  H.  Millsaps,  J.  C.  Pearson,  W.  J.  Peters^ 
A.  D.  Power,  H.  R.  Schmitt,  D.  C.  Sowers,  and  J.  A.  Widmer.  Those  whose  names  are 
italicized  have  borne  the  brunt  of  the  work  at  Washington. 


HNAL  RESULTS  OF  OCEAN  MAGNETIC  OBSERVATIONS  ON  THE  GALILEE.  1905-1908. 

Cbuibi  I,  pACinc  Ocean,  1906. 


■Looal  Diatuibuio*. 


Occam  Mjusxwmc  OmmKrAnenm,  lS0&-lft 
Cbcwb  I,  pAcmc  OcKAV,  1906— Cmtdadti. 


■LMd  Dbtiubuua. 


Final  Rwuun  or  Ocean  MAQmsnc  Obskbtationb,  1905-08 

Cruibb  II,  PAcmc  Ocean,  1906. 


9  a 


■ 

9 


OJ^;^ocu) 


OciAN  Maonxtic  Obsdbtattomb,  100&-16 
Cruibi  II,  PAcmo  Ocban,  190&— CondwM. 


Final  Resuuts  or  Ocban  Maonbtic  Obbbbvatiohs,  1905-08 
Cbuisb  III.  Pacific  Oceak,  1906-1008. 


■Tnm  Umh  S-U  Mm  OMw  BW  M  Afl*. 
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Cruisb  III,  Pacific  Ocean,  1906-190&— Cmftnued. 


Sta- 
tion 


66Qni 
67QIII 
68Gin 
60OIII 

flOOIII* 

61GIII 

620III 
63QIII 

04GIII 
05QIII 
06QIII 
A70III 
680III 
eOQIII 
70QIII 
71QIII 
720111 
79QUI 
74GIII 
7SQIII 
76GIII 
77GIII 
78Gin 
79GIII 

sooni 


81GIII 
83GIII 
83GIII 
84GIII 
85GIII 

86Gin 
S7GIII 
88GIII 
80GIII 
OOQIII 
91GIII 
920III 
93Qni 
04GIII 
95QIII 
96GIII 
970III 
98GIII 
99GIU' 

lOOGIII 

lOlGIII 
102QIII 
lOSGin 
104Gin 
105GIII 
lOOGIII 
107GIII 
106GIU 

lOQGin 
llOGHI 


Latitude 


22  43N 

23  30N 

24  46N 
27  66N 


Long. 

EMt 

of  Or. 


134  21 
134  00 
133  26 
130  20 


3102N    122  10 
(YanctM  R.) 


29MN 

29  56N 
29  35N 

3012N 
S048N 
3512N 

36  UN 
35  ION 
36fi6N 
30ft6N 

37  07N 
39  34N 
3Q39N 
4148N 
4401N 
45  42N 
47  40N 
49  30N 
6405N 
57  03N 


126  24 

126  27 

127  22 

133  23 
146  20 
159  36 
16147 
16147 
164  07 
164  07 
18137 
185  40 
185  49 
19010 
194  40 
198  56 
203  37 
207  28 
217  47 
224  40 


(Off  Sitka) 


56  42N 
54  37N 
53  48N 
53  48N 
45  25N 


43  07 
43  03 
4109 
39  26 
36  56 
34  50 
33  02 
3145 
3102 
30  34 
28  20 
25  45 
22  44 
21  16 
(Near 
2150 


N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 


22107 
22100 
220  13 
220  13 
222  51 


222  47 
222  45 
222  38 
222  30 
22159 
219  29 
216  59 
215  18 
214  18 
213  46 
21106 
208  17 
204  67 
202  03 
Honolulu) 
N  199  12 


22  65N 

23  34N 
27  40N 
26  07N 
26  03N 
23  22N 
2038N 
12  32N 

1134N 
928N 


196  21 
193  16 
183  47 
181  10 
18109 
179  27 
177  48 
172  36 

172  05 
171  13 


Date 


1907 
Apr  30 
May  1 
May  1 
May  3 
May  3 
May 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 


Declination 


L.  M.   X, 


■1} 

7 

7 

7 

8 

8 

12 

16 

22 

23 

23 

26 

25 

2 

3 

3 

4 

5 

8 

9 

10 

12 

1!) 

171 
18 
19 
Aucl2' 
Aug  12 
Aug  13 
Aug  13 
Aug  16 
Aug  16 
Aug  17 
Aug  17 
Aug  18 
Aug  19 
Aug  20 
Aug  21 
Aug  22 
Aug  23 
Aug  24 
Aug  24 
Aug  25 
Aug  26 
Aug  27 
Aug  29 

Sep  27 
Sep  27 
Sep  28 
Sep  29 


Jun 

Jun 

Jun 

Jun 

Jun 

Jun 

Jul 

Jul 

Jul 

Jul 

Jul 

Jul 

Jul 

Jul 

Jul 

Jul 

Jul 

Jul 

Jul 

Jul 


O.d  .  •  .  . 

15.7  to  17.9 
16.9      .... 


*  14.9  to  117.0    2  48W 


Oct 
Oct 
Oct 
Oct 
Oct 
Oct  12 
Oct  12 
Oct  12 
Oct  13 


4 
6 
6 
7 
9 


16.6 


Value 


Wt. 


o     / 


149  W 
156W 
248W 


18.4 


17.0  .... 
16.4  to  18.4 
17.7  .... 
17.6      .... 


18.3 


17.4 


17.4 
18.3 
17.6 


19.0 
Various 

Various 
7.6 


308  W 


307  W 


3  13  W 
3  47  W 
2  14W 
lOOE 


2  14E 


2  41E 


1162E 
1155E 
13  24E 


24  07E 
30  05E 

30  01E 
27  55E 


15.9 


16.3 
17.3 

18.4 


16.2  to  17.3 

17.3  .... 

17.4  .... 
16.9  .... 
17.1       .... 


17.4 
17.1 


17.6      .... 
7.6  to  10.6 

15.9  to  17.0 


26  03E 


22  44E 

20  27E 
20  13E 


2 
3 
2 


8 
2 


2 
3 
2 
2 


2 
2 
2 


1 
3 


18  27E 
17  32E 
16  19E 
15  37E 
14  40E 


13  49E 
12  56E 


17.0 
16.9 


17.3  .... 
15.6  to  17.4 
17.0      .... 


7.2 
17.6 
16.6 


10  43E 
10  37E 

10  28E 


10  34E 
10  58E 


956E 
945E 
9  10E 


855E 
844E 
840E 


Inclination 


L.  M.  T. 


h 
16.7 


15.4  to  18.0 


16.9 
Variout 


16.6 


16.3  to  18.0 


17.2  to  18.5 
17.5  .... 
17.5  .... 
17.1      .... 


17.2  to  18.4 


13.7 
17.4 


17.4 
17.0 
16.4 
16.8 
16.9 


Variout 


Various 


16.8 


16.0  to  17.2   66  60N 


Value 


Wt 


3120N 


34  ION 


4013N 
44  50N 


43  46N 


42  31N 


42  49N 
42  32N 

46  44N 

47  22N 


49  33N 


52  20N 

54  47N 


57  28N 
59  42N 
6148N 
63  59N 
66  01N 


74  29N 


74  36N 


72  31N 


3 
1 
1 
2 
2 


3 
2 


2 
3 


2 
2 


2 
3 
3 


1 
2 
3 


17.2 


17.4  .... 
16.8  to  18.4 
17.3  .... 
17.3  .... 
17.0  .... 
17.0  .... 
8.6  to  10.6 


6324N    2 


3 


2 
3 


2 


3 
2 

1 
2 


3 


1 
2 


2 
2 

1 
1 
2 


3 


Hot.  Intenaity 


L.  M.  T. 


h 
16.7 


15.4  to  18.0 


16.9 
Various 


16.6 


16.5  to  17.8 


15.8  to  18.6 
17.6  .... 
17.5  .... 
17.1      .... 


15.9  to  18.4 


14US 
17.4 


•  •  •  • 


17.4 
17.0 
16.4 
16.7 
16.9 


Various 


Various 


15.8      .... 
15.6  to  17.0 


16.0  to  18.2 


62  21 

60  46 
68  36 
66  06 
54  05 
52  50 

61  13 


N 
N 

N 
N 
N 
N 
N 


17.2   .... 

16.2   .... 

17.4   .... 

7.7  to  10.5 


15.8  to  17.0 

16.9  .... 
16.7   .... 

7  1 
17.0   .... 


15.4  to  16.4 

17.0   .... 

5.9  to  8.0 


16.7 


48  46 
45  07 
4137 
39  12 


N 
N 
N 
N 


39  37N 

40  68N 
40  53N 
43  02N 
40  63N 


37  02N 
33  03N 
19  03N 


13  07N 


2 
3 
2 
2 
2 
2 
3 


2 
1 
1 
3 


3 
2 
2 
2 
2 


3 
1 
3 


17.3 


Value 


Wt  Compass 


.3425 


.3429 


.8360 
.8354 


.3387 


.3212 
.3058 
.2820 
.2796 


.2717 


.2559 
.2519 


.2445 
.2387 
.2312 
.2224 
.2137 


.1571 


.1564 


.1715 
.1814 


.2212 


.2331 


17.4  .... 
15.9  to  18.4 
17.4  .... 
17.4  .... 
17.0  .... 
17.0  .... 
8.6  to  10.7 


17.2   .... 

16.4   .... 

17.6   .... 

7.7  to  10.5 


16.8  to  17.7 
17.0  .... 
16.7   .... 

7  1 

16.9  .... 


15.4  to  17.4 

17.0   .... 

5.9  to  7.8 


16.6 


.2404 
.2507 
.2569 
.2651 
.2692 
.2730 
.2755 


.2798 
.2840 
.2913 
.2916 


.2909 
.2872 
.2868 
.2799 
.2821 


i2896 
.2983 
.3225 


.3343 


8 


2 
8 


3 
2 
2 
2 


2 
2 


2 
2 
2 
2 
2 


3 


3 


2 
3 


3 


2 
3 
2 
2 
2 
2 
3 


2 

1 
1 
3 


3 
2 
2 
2 
2 


3 
2 
3 


Instruments 


Dl 

R3C 

RSaDl 

R3C 

Dl 

R3C.D1 

R3C 

Dl 

R3C 

Dl 

B3C 

R3C.D1 

R3C.D1 

R3C,  Dl 

Dl 

RSC 

Dl 

R8C 

Dl 

R3C.D1 

RSC 

R3C.D1 

Dl 

Dl 

Dl 

Dl 

R3C 

R3C.D1 

R3C,D1 

R3C.D2 

D2 

D2 

R3C 

D2 

R3C 

R3C.D2 

R3C.  D2 

D2 

R3C.D2 

R3C.D2 

RSC.  D2 

R3C,D2 

R3C.D2 

D2 

RSC.  D2 

RSC.  D2 

D2 

R3C.D2 

RSC.  D2 

RSC 

D2 

R3C.D2 

RSC.  D2 

D2 

D2 

RSC.  D2 

RSC,  D2 

RSC.  D2 

D2 

RSC 

R3C.D2 

R3C.D2 


Dip  Cirele 


36.1354t 


35.W 

169.127St 
35.254 


35.1254t 
169.1275t 


169.75t 
35.1354! 
169.1275t 
35.12541 


35.54t 


169.1 
109.1275t 


35.1254t 
169.1275t 
35.1254t 
169.1275t 

35.1254t 


109.75t 


35.254 


189.5654t 


189.54t 
169.1275t 


189.5654t 

169.175 

189.6654t 

169.1275t 

189.56541 

169.1275t 

189.554 


189.5654t 
169.12 

169.1275t 
189.554 


189.54 
169.12751 

189.5654t 
169.1275t 
189.5654t 


I69.75t 
169.12751 
189  J»4 


189.5654t 


Remarks 


Course 


NNW 
N 


N 
NNW 


ENE 

B 

E 

N,  NNE 

NNE 

Swing 

E 

E 

E 

E 

Swing 

8 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 
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OcsAN  Maonstic  Obsbryations,  190&-16 


Cruibb  III,  Pacific  Ocban,  190&-190fr— Conckidtti 
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SHORE  MAGNETIC  OBSERVATIONS  FOR  THE  GALILEE  WORK,  1905-1908. 

EXPLANATORY  REMARKS. 

The  following  results  of  shore  magnetic  observations,  made  in  the  course  of 
the  Crolilee  work  of  1905  to  1908,  are  extracted  from  Volume  I,  pages  69,  72,  75, 
87,  89,  90,  94,  98,  99,  100,  using  the  same  conventions  as  in  that  volume,  to  which 
reference  should  be  made  if  fuller  information  is  desired.  (See  also  pages  93  and  94 
of  present  voliune.)  These  shore  results  were  usually  obtained  in  connection  with 
the  comparisons  of  ship  and  land  instruments  made  at  every  port  of  call  of  the 
vessel.  Sometimes  additional  observations  were  made,  in  view  of  the  disclosure 
of  local  magnetic  disturbances,  or  for  the  purpose  of  obtaining  secular-variation 
data.  The  last  colunm,  headed  "Obs'r'*  (Observer),  shows  the  particular  cruise  of 
the  Galilee  on  which  the  results  were  obtained.  Thus  GI,  Gil,  and  GUI,  stand, 
respectively,  for  Galilee  Cruise  I,  Galilee  Cruise  II,  and  Galilee  Cruise  III. 

When  the  number  of  an  instrument  in  the  magnetometer  colunm  is  italicized,  it 
means  that  a  dip  circle  was  used  to  get  the  declination  and  horizontal  intensity, 
the  former  by  the  means  of  the  compass  attachment  and  the  latter  by  the  total- 
intensity  method. 

RESULTS  OF  SHORE  MAGNETIC  OBSERVATIONS,  I905-I908. 
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May  15. 07 
May  15, 07 
May  17. 07 
May  17, 07 
May  18, 07 
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Ocean  Maonxtic  Observations,  1905-16 
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NORTH  AMERICA. 
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Ai«     1.07 
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Jul    31.07 
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S.3.  9.2 

.81808 

36 

160.13 
171.13 

13L0    

820.3E 
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1 

1 
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0.0 
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6845.SN 
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178.13 
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NORTH  AMERICA. 

Unitcd  Statbs— Concluded. 


Statka 

Latitoda 

Long. 

East 

of  Or. 

Date 

DecHnation 

Inelination 

Hor.  Intensity 

Instruments 

Obs'r 

Looal  Mean  Time 

Value 

L.  M.  T. 

Value 

L.  M.  T. 

Value 

Mag'r 

DipCirela 

•—  B«Im1.  C.  ^  0. 8.  '97, 

37  56.6  N 

37  68.6  N 

3758.6N 

37  52.2  N 
3746.7N 

87  48.7N 

3747.6N 
32  44.7  N 

3242    N 

32  40.9  N 
3240.8N 

3240.8N 

287  27 

237  27 

237  27 

237  44 
237  38 

237  38 

237  32 
242  48 

242  46 

242  48 
242  47 

242  47 

Jul    27.*05 
May  26. 08 
May  27. 06 

Jul    27.05 
May  27. 06 
May  27. 08 
May  26. 08 
Jul    25.05 
Jul    14.05 
Jul    14.05 
Jul    15-21 
Jul    22.05 
May  29. 08 
May  29. 08 
May  30. 06 
May  28-27 

May  30.  06 
May  30.  06 
Jul  17.06 
Aug  21, 06 
Dm  14.05 
Dm  15.05 
Aug  14.05 
Aug  14.05 
Aug  19.05 
Aug  16.05 
Aug  17.05 
Aug  21.05 
Dm  16.05 
Dm  18.05 
Jan  20  to 

Feb  3.06 
Jan  23.06 
Jan  24.06 
Jan  29.06 
Feb  24.06 
Oet  25.06 
Oet  27.06 
Oet  27.06 
Dm    5to 

Dm11.06 
Dm  17.06 
Dm  5  to 

Dm  8,06 

h        k        k 

9.6.  11.4    .... 

13.0.  15.4    

11.2.  12.0    .... 

17  38.6  E 
17  50.6  E 
17  62.0  E 

k        k 
12.6    .... 

e       # 

62  13.9  N 

k        k 
10.1,  11.0 

13.6,  14.8 

10.7,  11.5 

e.g.: 
.25157 
.25100 
.25138 

36 

4 
4 

171.12 

OI 

QUI 

QUI 

•m  B^bdLC.  A<7.  5.  '97, 
m^matim 

13.6.  14.0 
8.9.  16.0 

62  18.0  N 
62  14.8  N 

171.12 
178.12 

01 

GUI 

fai  Bafaal.  Nmth  Fur 

13.4.  15.1    .... 

17  51.3  E 

•.... 

13.8,  14.6 

.25120 

4 

out 

16.5    .... 
11.7  13.1 

62  16.8  N 
62  10.2  N 

178.12 
169.12 

OIII 

y_  ■  _« 

1 1  .V       ••«•        •••, 

10.2.  12.0    .... 
13.2.  15.0    .... 

17  32.3  E 
17  34.2  E 
17  34.0  E 

12.5.  13.8 
10.9.  11.8 
13^  14.8 

MMte 
.25256 
.25299 

169 
36 
36 

GI 

n^aAlaiiBil,  a— F»M»   Ra^ 

Of 

GI 

Varioua 

62  06.0  N 

Various 

GI 

11.3.  13.5    .... 
10.1,  11.7    .... 
12.8.  14.3    .... 
11.6.  15.0    .... 

17  36.2  E 
17  50.6  E 
17  47.8  E 
17  52.1  E 

12.2.  13.2 
10.5.  11.2 
13.2.  13.9 
12.4,  14.3 

.25276 
.25225 
.25252 
.26234 

36 

4 
4 
4 

GI 

GUI 

9.1    15.1 
16.2    .... 
Various 

14X)  .... 
12.6.  14.9 
13.6  .... 

62  05.6  N 
62  05.0  N 
62  05.3  N 

62  06.8  N 
62  06.5  N 
62  43.0  N 

178.12 

178.12 

Various 

178.12 
189.68 
169.12 

GUI 
GUI 
GUI 

GmI  Uand.  FirH 

Gin 

GUI 

Am  PVmomow  Pmidioi. . . 

15.0 

15.8  16.0     ... 
10.9.  13.3    .... 

16  65.2  E 
14  38.8  E 
14  40.4  E 

14.3     ... 

J4978 

199 

36 

36 

GI 
GI 

14.8  .... 
9.5  (wt.i) 
14.5  (wt.i) 
16.0    .... 
11.5    .... 
11.4    .... 
10.8  (wt.i) 

58  03.4  N 
58  07.4  N 
58  09.2N 
58  04.7  N 
58  02.5  N 
58  05.4  N 
58  06.4  N 

11.8,  12.8 

.27693 

171.12 
169.12 
189.12 
171.12 
171.12 
171.12 
169.12 

GI 
GI 

•m  Dhep.  C.  «  <7.  8. 1997. 

11.2,  13.8    .... 

13  58.7  E 

11.6, 12.4 

.27675 

36 

GI 
GI 

flte  TThti.  // 

13.9.  15.4    .... 
14.4.  15.7    .... 

14  27.6  E 
14  40.8  E 

14.3,  15.0 
14.7,  15.3 

.27680 
J7730 

36 
36 

GI 

fliTTiMn.  r 

GI 

GI 

10.2.  10.7    .... 

1^  7 

Aa#«  1        ••••       •••• 

14  40.2  E 
14  41.9  E 

36 
86 

GI 

12.1    .... 
12.1  (wt.i) 

Various 

58  05.0  N 
58  06.0  N 

58  05.9  N 

14.1.  14.7 

.27734 

171.12 
189.12 

VarioiM 

GI 
GI 

1 

Gil 

13.2.  14.8    .... 
10.2.  12.3.  13.6 
10.8.  14.6    .... 
10.1,  14.6    .... 

14  43.2  E 
14  44^E 
14  44.6  E 
14  41.6  E 

36 

86 
36 
36 

GU 

10.6,  11.8 
11.8,  13.9 
10.4,  14.1 

.27714 
.27726 
.27678 

Gil 

GU 

GU 

16.4    .... 

56  05.8N 

178.1368 

GU 

10.0,  11.5    .... 
13.4.  14.7    .... 

• 

14  45.8  E 
14  45.4  E 

10.4.  11.2 
13.7,  14J 

.27682 
.2n02 

86 
36 

GU 

GU 

Various  (8) 

58  06.0  N 

r    35.12* 
1178.1368 

|gii 

GUI 

15.7.  16.6    .... 
|varioua(6) 

14  47.2  E 
14  46.6  E 

1 
[56  k 
\  178 

IM  DiaffK  SMUary 

Various(6) 

58  06.3  N 

35.12* 
178.1268 

|gui 

SOUTH  AMERICA. 
Pkru. 


Isfend.* 


1206.38 


1206.38 


282  48 


282  46 


Mar  14,*06 
Mar  16,06 
Mar  17, 06 
Mar  13,08 
Mar  13,06 
Mar  14,06 


k        k        k 
12.0,  14.0    .... 


10.3.  11.4    .... 


15.4.  16.4 


9  17.8  E 


9  16.8  E 


9  19.6  E 


k 
16.8 
11.3 


12.6.  13.4 
15.6  (wt.i) 


3  27.8  8 
3  26.9  8 


316.0  8 
3  10.9  8 


k        k 

12.6.  13.5 


10.9    . 


15.9 


.29894 


.29916 


J9888 


4 
4 


178.12 
178.18 


176.19 
189.18 


GUI 
GIU 
GUI 
GUI 
GUI 
GIU 


sfViridio  station  reported  in  1916  as  no  longer  suitable.    The  preferable  station  is  Goat  Island,  in  San  Franeisoo  Bay,  whieh  was  reoeeupied  by  tbe  Csrmfjt 
pM^te  1918. 
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OcBAN  Maondtic  Qbsbbyationb,  1Q0&-16 


ISLANDS,  PACIFIC  OCEAN. 
CAaoum  IsLAifo. 


Station 

Latiinde 

of  Or. 

Date 

Deelination 

Hor.  lataarftr 

Inetmmeiita 

( 

Loeal  Mean  Time 

VahM 

L.  M.  T. 

Value 

L.  M.  T. 

Value 

Mac'r 

DipOrde 

Yap  Iriaml 

e     / 
9  81.4  N 

9  31.4  N 
931.4N 

138  12 

138  12 
13812 

Apr  17,*07 
Apr  17,07 
Apr  18,07 
Apr  18,07 
Apr  18,07 
Apr  18,07 
Apr  17,07 
Apr  17,07 
Apr  18,07 
Apr  18,07 
Apr  17,07 
Apr  18.07 

k       k       k 
12.0,  18.0    .... 

A9«w       ••••        •••• 

A^aW          ••••            •••• 

o      / 

2  08.4  E 
2  01.1  E 
2  02.9  E 

k       k 
18.9    .... 

8 16.6  N 

k       k 
12.3,  12.7 

J8818 

1 
83 
SS 

36.12 

i 

' 

10.8    .... 
13.6,  14.9 

16.8  .... 
14.7    .... 
10.4    .... 

12.9  .... 
10.3    .... 

8 10.0  N 
8  08.9  N 
806JN 
8 12.7  N 
8 11.6  N 
808.8N 
809.2N 

178.12 
86.12 
8612 

178.12 
86.12 

180.12 

180.12 

YwUUnd,  W 

A  A  •  V       ••■■        •••• 

8.8    

2  03.7  E 
204^E 

1 
36 

Yap  Umnd.  JT 

11.9,  12.8,  13.3 

204.9E 

14.6,  16.0 

.88744 

1 

t 

12J    .... 
18.4    .... 

808.1N 
8  09.8  N 

178.12 
189.12 

1 

9.6.  10.4    .... 

2  08.2  E 

9.7,  10.1 

.38771 

1 

1 

Fanning  Island. 


Fanning  Island. 


Fanninc  Mand.  8M0fMlary. 


8  64.6  N 


364.6N 


•    t 
200  37 


200  37 


Oet 
Apr 
Apr 

Apr 

Apr 
Apr 
Apr 


11,*06 
2.  08 
8,  08 
6,  08 

2,  08 

3,  08 
6,  08 


k      k      k 
10.4,  12.2 
14.1,  16.8 
14.8,  18.2 


10.3.  14.6 


•    f 


7  39.6  E 
7  43.8  E 
7  44.4  E 


7  43.7  E 


k 
16.7 


12.4 
18.8 
13.4 


10  47.2  N 


10  46.8  N 
10  40.4  N 
10  48.8  N 


k      k 

10.8,  11.8 
14.8,  16.4 
16.0,  16.8 

e^.9. 
.34124 
.34067 
34003 

38 
88 
38 

10.8,  14.2 

.34100 

88 

171.12 


178.12 
178.12 
178.12 


Fiji  Islands. 


nM^r&    wAU  ...*•■.■>•■•■••• 

•    / 
1807.1  S 
1807.18 

•    / 
178  26 
178  26 

May20.*08 
May  20, 06 

k        k        k 
11.0.  12.8    .... 

•    * 
10  28.4  E 

k        k 

•    * 

*        k 
11.3,  12.3 

C^.9, 

.34888 

38 

11.4    .... 

38  04.9  S 

171.12 

Hawaiian  Islands. 


SiMl   HonoltUu   Maoruiie 
ObMrvotory. 

e     / 
21 19.2  N 

21 19.2  N 
21 19.2  N 

e      ' 
20168 

20168 
20168 

Sep   19.'05 
Sep   19.06 
Sep   21,06 
Nov    8,06 
Sep     3,07 
Sep     4,07 
Sep     8.07 
Sep     7,07 
Sep     9,07 
Sep     3,07 
Sep     4,07 
Sep     6,07 
Sep     8,07 
Sep     9,07 
Sep     4,07 
Sep     8,07 

k        k        k 
9.0,  11.0    .... 

9  23.4  E 

k        k 

14.3  .... 

16.4  (wt.2) 
10.6    .... 
13.9.  16.4 
18.0    .... 
14.0    .... 

o      / 

40  04.2  N 
40  08.2  N 
40  02.0  N 
40  06.0  N 
40  00.7  N 
40  01.7  N 

k        k 

9.6.  10.8 

.29178 

36 

189.12 
171.12 
189.12 
189.12 
180.12 
189.12 

13.9,  16.8    .... 

10.0.  13.4,  16.0 

9.6,  11.1,  14.7 

9  22.9  E 
9  26.8  E 
9  23.9  E 

14.7,  18.4 

10.8,  14.1 
10.1,  13.9 
IIJZ,  13.7 

.29183 
.29183 
.29172 
.29178 

4 
4 
4 
4 

Mm],  a   

14.4  (wt.|) 
8.9  (wt.«) 
9.0.  16.3 
8.9.  15.8 

39  66.7  N 

40  00.3  N 
39  57.8  N 
39  68.8  N 

189.68 
189.12 
178.12 
178.12 

10.3.  14.6.  18.1 

9  26.1  E 

11.1,  13.9 

.29167 

4 

13.1.  14.6    .... 

9  23.2  E 

4 

BiMi,  Jf              .        

15.8    .... 
10.7,  13.8 

39  66.8  N 
39  66.0  N 

189.68 
189.68 

Marianas. 


Quam,  Cabraa  Island.. 
Gaam«  Cabraa  Island, 

8te9fidary 

Guam,  Orote  Point — 

Guam,  Orote  Point. 
SMtmdary 


1328    N 

1328    N 

1327    N 


1327    N 


144  40 

144  40 
144  37 


144  37 


Jul  18,'08 

Jul  18,08 

Jul  17,08 

Jul  19,08 

Jul  17,08 

Jul  19,08 


k        k       k 
10.8,  12.8    ... 


10.7,  12.0 


9.9,  11.3 


2  14.8  E 


2 11.8  E 


2  11.1  E 


k       k 

14.4    .... 

11.1    .... 

14.3  .... 
10.7  (wt.«) 

11.4  (wt.|) 
14.0    .... 


O       f 

14  16.0  N 

14  20.9  N 

14 14.7  N 
14 18.0  N 

14 18.4  N 

14 14.8  N 


k     k 

11.6,  12.3 

e^.9. 
.34990 

38 

11.0,  11.7 

.36007 

38 

10.3.  11.0 

.86028 

38 

178.58 

35.25 

178.58 

35.26 

36.25 
178.68 


Rbsuiab  of  Shobb  Maonxtic  Obsbbvahons,  1905-08 
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ISLANDS,  PACIFIC  OCEAN. 
Mabquxsab  Islands. 


Latatiada 

Lout. 

East 

of  Or. 

Date 

Deelination 

Inclination 

Hot.  Intensity 

Inatrumeata 

yvtt^     • 

Local  Blaan  Time 

Vahw 

L.  M.  T. 

Value 

L.  M.  T. 

Value 

Mac'r 

Dip  Circle 

Ober 

TT^iMnMiiiil  r 

854    8 

854    8 
854    8 
854    8 

854    8 
854    8 

•    1 
219  55 

219  55 
219  55 
219  54 

219  54 
219  54 

Jan    19,'07 
Jan   21.07 
Jan    19.07 
Jan    19.07 
Jan  23.07 
Jan   23.07 
Jan   22.07 
Jan   22.07 

AAA 
10.4.  11.8    .... 

e      / 

8  13.4  E 

A        A 
15.1    .... 
11.1.  14.4 
13.0    .... 
10.7    .... 
15.6    .... 

e      / 

13  34.88 

13  35.8  8 

14  38.7  8 

15  28.6  8 
15  19.4  8 

A        A 
10.8. 11.4 

e.g.9. 
.34222 

1 

178.12 
35.12 
178.12 
178.12 
178.12 

Qin 
a  III 

WiiiMiiUkMtgi* 

WiiiM  ■M-d.y 

n^iMiiiiiiiiii  r 

14.9.  16.0    .... 
14.2.  12.4    .... 
11.0.  12.4    .... 
13.2.  14.4    .... 
11.0.  11.5    .... 
12.3    

8  21.2  E 

7  20.0  E 
819'0E 
8 19.9  E 
8 18.7  E 

8  20.6  E 

15.3,  15.7 
13.0.  13.8 

11.4.  12.0 
13.6.  14.1 

.34444 

.33460 
.33505 
.33468 

oni 

OIU 

oni 

O  III 

W^aliii  fi'iii*  ^ 

O  III 

W^aliiili'ii   1  fi 

OIU 

Marshall  Islands. 


///. 
///. 


5  54.4  N 


554.4  N 


554.4  N 

5  58.9  N 

5  53.9  N 


109  39 


169  39 


169  89 
169  36 

169  36 


Jun 
Jun 
Jun 
Oet 
Oet 
Oet 
Jun 
Jun 
Jun 
Oct 
Jun 


22.'06 
25.06 
26.06 
23.07 
24.07 
25.07 
22.06 
25.06 
29.06 
23,07 
29.06 


Jun  29.06 


.AAA 
10.5.  10.8.  12.9 


13.8.  16.2 
14.5.  16.8 


11.4.  15.5 


14.1 
10.0 


e      f 

8  17.1  E 


8  15.4  E 
8  16.6  E 


8  17.4  E 


8  13.9  B 
8  21.4  E 


10.8. 

14.5 

16.7 

15.0. 

14.9 

15.6 


15.0 


16.4 


8.9      ... 
11.4.  13.1 


10.4 


6  11.0  N 
6  11.0  N 
6  11.0  N 
6  05.6  N 
6  05.1  N 
6  14.0  N 


6  13.1  N 
6  09.2  N 


6  08.4  N 


A        A 
11.4.  12.2 

e.g.M. 
.34421 

36 

14.9... 
15.2.  16.3 

.34374 
.34397 

4 
4 

14.1.  15.0 

.34448 

36 

178 
36 

10.4      ... 

.34664 

35.25 
178.56 
178.12 
169.12 
169.12 
178.12 


35.25 
178.12 


178.6 


on 

Gil 

on 

GUI 

GUI 

GUI 

on 

GII 

oil 

GUI 
GII 

GII 


Samoan  Islands. 


O  f 

1348.48 


1348.48 
1848.48 

1848.48 


1348.48 


188  14 


18814 
188  14 

188  14 


188  14 


May 
May 
May 
May 
May 
May 
May 
May 
Mar 
Mar 
Mar 
Mar 
Mar 
Mar 
Mar 
Mar 
Mar 
Mar 
Mar 


3.'06 
4.06 
8.06 
3.06 
4.06 
3.06 
4.06 
4.06 
5.07 
6.07 
6.07 
7.07 
7.07 
7.07 
5.07 
5.07 
5.07 
6.07 
7.07 


AAA 
8.6.  10.5    .... 


10.8.  11.8    .. 


14.6.  15.6 


13.6.  14.6    . 


8.3.  15.1 


9  36.5  E 


9  36.0  E 


9  38.0  E 


9  33.2  E 


9  42.9  E 


A 
17.0 

8.2 

9.5 

9.0. 

8.4. 

8.8. 

8.5  .... 
16.1.  17.3 
11.8.  12.6 
14.4    .... 


16.9 

9.4 

15.9 


15.9. 

11.8 

13.6 

9.6. 
11.4 
15.9 
17.1 

9.1 
14.5 


17.3 


10.8 


29 
29 
29 
29 
29 
29 
29 
29 
29 
29 


29 


16.1  8^ 
13.9  8^ 
12.6  8> 

15.6  8 
14.4  8 
13.4  8 
14.8  8 

12.7  8 

16.2  8 
16.4  8 
15.0  8 

15.6  8 
13.4  8 

12.7  8 

12.2  8 
11.08 
15.4  8 

16.3  8 
15.3  8 


A        A 
9.0.  10.0 

c.g.§. 
.35609 

36 

11.1.  11.5 

.35632 

1 

14.9.  15.3 

.35678 

1 

13.9.  14.3 

.35636 

1 

S6 

171.13 

171.12 

171.13 

178.1356 

178.1256 

85.35 

35.35 
178.1356 
178.12 
178.13 

35.13 
178.18 

35.18 
169.18 

35.18 
169.18 
178.12 
169.18 
169.18 


GII 
GII 
GII 
GII 
GII 
GII 
GII 
GII 
GUI 

Gin 

GUI 
GUI 
Gni 
GUI 
GUI 
GUI 
GUI 
QUI 
GUI 


kaTe  been  inoteaaed  aumerieaUy  by  4'  on  aoeount  of  artificial  diaturbaoce:  the  ralue  of  the  eorrection  wao  firen  by  Dr.  Antenbeiater,  of  the 
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VOAXDR,  PACIFIC  OCEAX. 
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DESCRIPnONS  OF  SHORE  STATIONS^  mM\ 

One  of  the  chief  difficalties  experienoed  by  the  oUmicib  of  the  Dqpartmoit 
of  Terrestrial  Mftgnetigm  in  the  reoccupaticm  of  old  stations  for  seeuIar-Yariation 
data  has  been  the  lack  of  inf ormatimi  necessary  to  precise  recovery  of  the  pcxnt 
where  the  previous  observations  were  made.  Owing  to  the  frequent  occurrence 
of  local  disturbances,  it  may  readily  happen  that  errmieous  secular-variation  data 
will  result  from  non-recovery  <rf  exact  station.  Acc<»rdin^  the  observers  of  the 
Department  are  instructed  to  furnish  as  complete  descrq)tions  as  possible  of 
stations  occupied,  especially  of  such  as  give  promise  of  future  availability.  In- 
formation additional  to  that  contained  in  the  published  descriptions  or  copies  of 
station-sketches  or  of  photographs  of  surroundings  will  ^adly  be  given  to  those 
interested  in  the  reoccupation  of  any  oi  the  stations. 

The  descriptions  are  given  in  alphabetical  order  under  the  same  geographical 
divisions  adopted  in  the  preceding  table  of  diore  results.  The  general  form 
followed  in  the  descriptions  is:  Name  of  station,  year  when  occupied,  g^eral 
location,  detailed  location,  distances  and  references  to  surrounding  objects,  manner 
of  marking,  and  finaUy  the  true  bearings  of  prominent  objects  likely  to  be  of 
permanent  character.  All  bearings,  unless  specifically  stated  otherwise,  are  true 
ones,  and  are  reckoned  continuously  from  0^  to  360^,  in  the  direction,  south,  west, 
north,  east.  When  no  mention  is  made  of  marking  of  station,  it  is  to  be  understood 
that  the  station  was  either  not  marked  at  all  or  not  in  a  permanent  manner. 

Most  of  the  measured  distances  were  made  originally  in  the  F.nglisfh  sjrstem; 
however,  the  distances  obtained  by  conversion  into  the  metric  system  are  also 
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given,  but  inclosed  in  parentheses,  so  as  to  show  that  they  are  converted  figures. 
The  following  rules  have  been  adopted  in  the  conversions :  distances  given  to  0.01 
foot  are  converted  to  the  nearest  0.001  meter,  0.1  foot  to  the  nearest  0.01  meter, 
1  foot  to  the  nearest  0.1  meter,  estimated  feet  or  yards  to  nearest  meter,  estimated 
fraction  of  a  mile  to  nearest  0.1  kilometer,  and  estimations  of  more  than  a  mile  to 
nearest  kilometer.  Short  and  important  reference  distances,  when  measured 
accurately,  have  been  converted  into  nearest  0.1  centimeter;  such  measurements, 
however,  as,  for  example,  dimensions  of  marking-stones,  etc.,  which  are  not  of 
great  importance,  have  been  converted  to  the  nearest  centimeter.  If  a  distance  is 
given  immediately  preceding  an  azimuth  of  a  mark,  it  is  to  be  interpreted  as  distance 
from  the  magnetic  station  to  the  mark. 

ASIA. 
China. 

Wcotyng,  Kiangtu,  1907. — ^Two  main  stations  were  estab- 

Hriied.    Station  IB  is  on  left  bank  of  Woosung  River, 

about  1  mile  (1.6  kilometers)  above  harbor  master's 

quarters  and  the  tidal  semaphore;  about  4  feet  (1.2 

meters)  above  ordinary  high  water,  about  34  feet 

(10.4  meters)  from  water's  edge  at  nigh  water,  and 

130  feet  (40  meters)  from  earth  embankment  that 

ezteods  along  river;  marked  by  a  pine  stake  about 

6fmehe8  (14  cm.)  square  and  about  40  inches  (about 

102  cm.)  kmg.    Tlie  following  true  bearings  were 

determined:  station  Woosung  IS,  IW  06^1;  tidal 

■enu^hore,  128'*25:7. 
Two  auxiliary  stations  to  IB  were  occupied  and  desig- 
nated as  IBu  and  If ».  bcung  27  feet  (8.2  meters)  and 

61  feet  (15.5  meters)  respectively  from  12  in  true 

aamuth  Une  130"*  34r9. 
Station  Woosung  IS  is  on  right  bank  of  Woosung  River, 

almost  due  north  across  the  river  from  station  IB, 

and  distant  about   1   mile  (1.6  kilometers}:  on  a 

high  grassy  bank,  which  forms  the  north  side  of  a 

small  mlet,  and  is  iUx>ut  300  feet  (91  meters)  north 

of  large  sign  which  reads  "Telegraph  cables  across 

the  duumd  here";  maiked  by  a  large  tent  p^.    The 

following  true  bearings  were  detennined:  the  tidal 

•emai^iore,  65*^  58.'6;  upper  limit  anchorage  beacon, 

338*43!0. 
Zikawei,  Kianqtu,  1907. — Observations  were  made  in  the 

magnetio  hut  used  for  absolute  observations,  also  at 

station  N,  21.3  meters  north  6^  west  of  pier  in  hut. 

Japan. 

KimrtigUj  Tokaido,  1906.— On  east  shore  of  Tokio  Bay, 

in  tne  village,  in  an  open  space  near  the  landing 

wharves,  38.5  leet  (11.73  meters)  east  of  the  sea  wall; 

marked  by  a  wooden  peg.    A  secondary  station  is 

about  50  feet  (15  meters)  north  of  principal  station. 
SufiiOj,  Tckaido,  1906.— On  west  shore  of  Tokio  Bay,  in 

village  of  Sugita,  on  a  small  inlet  known  as  Mississippi 

Bay.    It  is  in  an  old  garden  about  15  feet  (4.5  meters) 

from  the  open  shore  and  about  75  feet  (23  meters) 

from  road  running  through  Sugita  to  Yokohama. 

Observations  were  also  made  at  a  secondary  station 

about  60  feet  (18  meters)  southwest  of  principal 

station. 
ToUo,  TokaidOy  1906.— On  pounds  of  the  Tokio  Im- 
perial University  at  a  pomt  about  30  feet  (9  meters) 

north  of  the  magnetic  house  in  playgrounds  of  the 

univerBity  and  in  line  with  lightning  rod  on  Science 

HaQ,  t^  true  bearing  of  whidi,  as  furnished  by  Dr. 

Tuakadate  of  the  university,  is  179*  54 '6;  marked 

bgr  wtXMJka  peg.    A  seeondary  station  is  about  30  feet 

(9  meten)  west  of  prtnoipal  station. 


AUSTRALASIA. 
New  Zealand. 

Chriskhurch,  SotUh  Idand,  1907-08.— The  observations 
were  made  at  absolute  house  of  obs^^atory.  Sec- 
ondary stations,  designated  as  bnus  pipe^peg  A,  and 
near  brass  pipe,  were  also  occupied.  Tne  firet  is 
about  150  feet  (46  meters)  northeast  of  absolute 
house;  the  second  is  about  40  feet  (12  meters)  north- 
northeast  of  absolute  house;  the  third  is  somewhat 
east-southeast  of  brass  pipe. 

New  Brighian  Beach,  South  Island,  1908.— Station  is 
about  1,500  yaids  (1.4  kilometers)  south  of  the 
recreation  pier;  on  the  beach  just  above  high  water, 
about  24  iMM^es  from  edge  of  vegetation,  between  the 
sandhills  and  the  sea.  Hie  point  was  roughly 
marked  subsequently  by  a  post  4  by  4  indies  by  8  feet 
(12  by  12  cm.  by  2.4  meters).  The  lighthouse  is  m 
true  bearing  323^  15M. 

NORTH  AMERICA. 
Unitkd  States. 

Baldwin,  Kansas,  1905,  1906. — Observations  were  made 
at  the  absolute  magnetic  observatory  of  the  United 
States  Coast  and  Geodetic  Survey.  The  true 
bearing  of  flagpole  on  Science  Hall  is  131''  39 '4.  At 
the  end  of  1906  a  secondary  station,  designated  as 
tent,  was  occupied  at  a  point  about  50  feet  (15  meters) 
from  the  absolute  observatory,  in  line  with  flag^wle 
on  Science  Hall  of  Baker  University. 

Berkeley,  California,  1905.— The  station  of  the  U.  S. 
CcMMBt  and  Geoaetic  Survey  of  1904,  on  the  srounds 
of  the  University  of  California,  was  reoccupied.  It  is 
west  of  and  in  Ime  with  the  north  face  of  South  Hall, 
261.5  feet  (79.7  meters)  from  its  norUiwest  comer, 
31  feet  (9.4  meters)  west  of  center  of  path  leading 
from  gymnasium  to  North  Hall,  46  feet  (14.0  meters) 
north  of  the  path  leading  from  South  Hall  to  Center 
Street  entrance  to  the  grounds,  and  54  feet  (16.5 
meters)  from  edge  of  driveway:  marked  by  a  granite 
post  8  by  8  by  24  inches  (20  by  20  by  60  cm.)  set 
flush  with  ground  and  lettered  U.  S.  C.  &  G.  S.    The 


Ooat  Idand,  San  Francisco  Bay,  California,  1905,  1908.— 
U.  S.  Coast  and  Geodetic  Survey  station  of  1904. 
It  is  on  a  military  reservation  of  the  United  States 
Government  near  the  center  of  the  plateau  just  west 
of  the  hiU  at  the  extreme  eastern  end  of  the  island, 
is  nearly  in  line  with  the  top  of  the  hill  and  the  smoke- 
stack at  the  naval  training  station,  and  about  50  feet 
(15  meters)  north  of  the  fine  of  the  wireless  mast  on 
higjiest  part  of  island,  and  the  flagpole  OQ  the  souUiflm 
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pMt  of  the  kwn  in  front  of  the  offieen'  qiuutcn; 
marked  by  maO  hde  in  top  of  a  roaiJi  ftone  6  by  6 
by  12  inches  (15  by  15  by  30  em.)  with  a  fbt  top  wlueh 
projects  slii^tly  aboye  the  general  mrface.  In  1908 
three  secondary  stations  were  established.  The  first 
is  74  feet  (22 A  meters)  true  north  56*  06'  east  of  main 
station.  The  second  and  third,  used  for  ship  instru- 
ments, were  about  45  feet  (14  meters)  west  of  and 
35  feet  (11  meters)  northwest  of  mam  station,  re- 
ipectively.  (Main  station  reoccupied  in  1916.] 
Kvtkan  IdomL  AUuka,  1907.— On  the  eastern  ooint  of 
land  on  Kutkan  Iidand,  30  feet  (9  meters)  irom  the 
water's  edge,  at  high  tide^  on  the  north  side,  12  feet 
(4  meters)  on  the  south  side,  and  50  feet  (15  meters) 
from  extreme  eastern  edge  of  island.  A  cross,  cut 
in  the  top  of  a  larve  irrecular  rock  projecting  about  a 
foot  above  ground,  mans  the  exact  spot.  The  fol- 
lowing true  bearings  were  determined:  pier  at  Sitka 
absolute  magnetic  observatory,  156*  49  !3;  U.  8. 
Marine  Conm  barracks  flagstaff,  148*  51^2;  Mission 
flaipitaff,  187*33:1. 
San  DieaOj  CcXifarma^  1905,  1906. — Five  stations  were 
established  here:  these  are  designated  as  Smi  Diego  /, 
Secondary,  IL  ///.and  C.  A  0.  5.,  18^. 

The  fir^  San  Diw>  /»  is  near  the  northern  point 
of  North  Cofonado  Beach  Island;  near  the  shcn^  of 
the  bay,  facing  the  city,  about  320  paces  west  of  the 
west  comer  of  engine  house  of  Marine  Raflway 
(Spreckels)  and  58  paces  from  road  that  runs  akmg  the 
b^ich.  Beacon  No.  10  bears  approximately  north- 
northwest  from  the  station,  which  is  marked  by  a 
spruce  post,  6  by  6  by  50  incnes  (15  b^  15  by  127  cm.) 
set  witn  its  faces  approximately  with  the  cardinal 
points  and  projecting  about  1  foot  (30  cm.)  above  the 
surface;  the  letters  C.  I.  are  cut  on  the  north  face  and 
1905  on  the  south  face.  The  following  true  bearings 
were  determined:  School  of  Theosopfay,  96*  47! 8: 
stand  pipe,  187*  54  !2;  flagpole  on  south  tower  of 
Coronado  Hotel,  338*  38 '4.  A  seoonduy  station, 
designated  as  iSecemdary,  was  established  50  feet  (15.2 
meters)  south-southeastward  in  the  line  toward  the 
Coronado  Hotel  from  San  Dietm  /. 

San  Diero  //  is  on  the  northwest  portion  of  North 
Coronado  Beach  Island,  about  midway  between  the 
C.  ft  G.  S.  station  at  Quarantine  and  Station  I; 
about  75  yards  (69  meters)  from  the  northwest  hesich 
of  North  Coronado  Beach  Island,  and  in  the  line 
joining  Harbor  Beacon  No.  2  and  the  south  end  of 
the  most  southerly  building  on  Quarantine  Wharf; 
marked  by  a  redwood  post  4  by  6  bv  44  inches  (10  by 
15  by  112  cm.)  projecting  about  8  inches  (20  cm.) 
above  ground.  The  letters  C.I.  and  the  numeral  II 
are  cut  on  the  two  faces  which  face  the  north  and 
south  respectivelv.  The  following  true  bearings  were 
determined :  south  tower  of  Coronado  Hotel,  306*  40 !  8 ; 
old  lighthouse,  Point  Loma,  33*  37 '7;  central  dome, 
School  of  Theosophy,  117*  28: 1. 

San  Diego  ///  is  on  the  north  shore  of  San  Diego 
Bay,  on  a  low  beach  northwest  of  Dutch  Flat,  and 
about  100  yards  (91  meters)  north  25*  east  of  a 
triangulation  signal  on  the  sand  spit:  marked  by 
redwood  post  4  by  6  by  52  inches  (10  by  15  by  132 
cm.)  extending  about  10  inches  (25  cm.)  above 
ground  and  having  the  letters  C.  I.  cut  in  the  north 
face,  and  a  hole  near  the  center  of  the  top.  The 
following  true  bearings  were  determined:  soutn  tower 
of  Coronado  Hotel,  337*  19^7;  old  lighthouse.  Point 
Loma,  24*  08:i;  School  of  Theosophy,  63*  28:i. 

The  C.  &  G.  S.  1897  station,  occupied  in  1905,  is 
that  established  by  the  Coast  and  Geodetic  Survey 
in  1897.  It  is  in  the  northeast  portion  of  the  city, 
about  150  feet  (46  meters)  southwest  of  where 
Seventh  and  Fir  streets  would  intersect  if  extended 
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inio  the  park;  marked  by  redwood  post  4  by  4  by  36 
inches  (10  by  10  by  91  em.)  ptofeOiMg  aboot  1  loot 
(0.3  meter)  out  of  gromid,  lettered  U.  8.  MAG.  and 
1807  on  its  nortii  and  west  vertical  faces  respectively. 

San  Franeueo,  Prtmdio,  Cak^cmia,  1906.— The  station 
of  the  U.  S.  Coast  and  Geodetic  Survey  of  1904,  at 
the  triangulation  station  on  Presidio  Bm,  norUiwest 
of  gate  on  south  side  of  Presidio  grounds  at  the  ed^e 
of  the  woods,  was  reoccupied;  marked  b^  stone  post 
6  inches  (15  cm.)  square  on  top,  projecting  6  inches 
(15  cm.)  above  ground  and  levered  on  top  U.  S.  C. 
A  G.  Stvvey,  1881.  The  following  true  beiurinn  have 
been  determined;  cross  on  Lone  Mountam,  32y  53f8; 
centerof  top  of  Drake  Cross,  27*  03:7.  [Thii  station 
reported  in  1916  as  no  longier  suitable.  A  6  million 
gallon  reservoir  is  now  on  the  site.] 

San  Rafad,  CaHfarma,  1905,  1906.— There  are  three 
stations,  two  being  those  of  the  U.  S.  Coast  and 
Geodetic  Survey  of  1897.  They  are  1.1  mileB  (1.8 
kilometers)  northwestward  from  the  county  court- 
house, on  tiie  eastern  sfepe  and  near  the  top  of  a  hiU, 
about  375  feet  (115  meters)  distant  from  one  of  the 
water  company's  reservoirs.  There  is  a  meridian  line 
marked  by  two  marUe  posts  8  by  8  by  48  inches 
(20  by  20  by  122  cm.)  projecting  about  24  indies 
(61  cm.)  above  the  surface  of  the  ground;  the  north 
stone  is  lettered  U.  S.  C.  ft  G.  S.  on  its  west  vertical 
face,  MAG.  STA.  on  the  sooth  faoe,  and  1807  on  the 
east  face,  and  bears  a  cross  on  its  upper  face  maiking 
the  exact  point.  The  south  stone  is  set  about  2,300 
feet  (701  meters)  ^ue  south  of  the  station,  its  north 
vertical  face  being  lettered  MER.  BIARK..  the  east 
face  U.  8.  C.  &  G.  S.,  and  the  west  faee  1897. 

In  1897,  1905,  and  1906,  dip-drde  observations 
were  made  at  a  point,  desiniated  as  DivSiaHony  50  feet 
(15  meters)  from  the  north  stone,  ana  magnetometer 
observations  were  made  at  a  point,  designated  as 
Magndomder  StaUon^  10  feet  (3.0  meters)  from  the 
north  stone  in  the  extension  of  the  line  from  flagstaff 
on  the  oount3r  oourUiouse  to  the  north  stone.  In 
1908  observations  were  also  made  over  Uie  ncnth 
pier.  The  flagpole  on  county  courthouse  is  in  true 
bearing  289*  46 :0. 

Sitka,  AlaJca,  1907. — ^Two  stations  occupied:  the  prindpal 
pier  in  tne  Sitka  auxiliary  magnetic  observatory  of 
IT.  S.  Coast  and  Geodetic  Survey,  and  in  the  regular 
absolute  house. 


SOUTH  AMERICA. 

Peru. 

San  LoTtnxo  Island  (CaUao  Harbor),  Lima,  1906.— The 
main  station  is  about  5.5  feet  (1.7  meters)  above  and 
about  50  feet  (15  meters)  distant  from  the  ordinary 
hig^-water  mark  on  the  beach,  and  is  approximately 
the  U.  S.  Coast  and  Geodetic  Survey  station  ot 
1907.  It  is  79  feet  (24.1  meters)  and  67.4  feet 
(20.54  meters)  from  tiie  northeast  and  southeast 
comers  of  the  powder  may  line  (marked  "Deposito 
de  explo6ivoe")f  which  are  m  true  bearing  north  68?7 
west  and  south  34?  1  west  respectively^  and  57.5  feet 
(17.5  meters)  from  door  of  miyasine  directly  beneath 
flaj^pitaff .  The  point  is  markeoby  a  small  round  stake 
driven  flush  with  ground.  The  following  true  bear- 
ings were  determined:  square  tower  with  dodc  in 
CsJlao,  250*  31  '.0;  spire  of  church  on  point  in  Callao, 
256*  00 '7.  A  secondary  station  designated  as  San 
Lorenso  Island  B  was  established  at  a  point  south  31* 
east  true  52.5  feet  (16.0  meters)  distant  from  main 
station. 
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ISLANDS,  PACmC  OCEAN. 

CAaOLDIB  laLAMM. 

TmB  /rfoml,  IM7.— The  main  aUtioii  Is  on  northweitem 
pobit  of  kki  ''Tmmng."  near  imper  end  of  Tomil 
Bay,  in  Port  Tomil.  about  100  feet  (30.5  meters) 
firom  tlie  west  and  about  500  feet  (152  metera)  from 
tlie  northweet  ahore  lines  of  the  islet,  and  55  feet 
(10.8  meters)  northwest  of  a  lane  tree.  Marked  by 
a  pine  post  5|  by  5)  by  40  in<£e8  (U  by  14  by  100 
cm.)  set  so  as  to  project  about  16  inches  (40  cm.)  above 
Mieral  surface;  the  lower  part  of  post  is  tarred  and 
the  upper  part  painted  white,  with  C.  I.  marked  on 
one  SMie  and  1907  on  the  opposite  side;  the  precise 
point  is  indicated  by  a  cross  cut  in  head  of  a  brass 
■enrw  set  in  center  of  top  of  post.  The  f<rfkywing 
true  beaiinn  were  determined:  beacon  on  Buray  Hill, 
88*  88'2;  cnimney  on  west  gable  of  long  white  cable 
bQilding,  80*  00:5.  Two  secondary  stations  were 
eetabiyfaid,  designated  as  Yap  If  and  Yap  E,  the 
8nt  80.8  feet  (12.08  meters)  west  of  the  main  station, 
and  the  second  40.1  feet  (12.23  meters)  east  of  the 
main  station;  bo^h  secondary  stations  are  in  range 
with  the  princqial  station  and  the  harbor  beacon. 
From  YwD  B  the  windmill  at  cable  station  is  in  true 
bearing  44*  37!2. 

Fanmino  ISLAMn. 

,  /aknd,  1006,  1006.— The  main  sUtion  is  on  a 
moAf  plain  east  of  cable  station  and  near  shore  of 
lafooa,  ICNS  feet  ^.0  meters)  west  of  rear  of  boat 
house  on  shore  of  lagoon  and  in  line  with  quarters 
building  at  cable  station.  Biaiked  by  a  redwood  post 
4  by  4lMlies  (10  by  10  em.)  in  cross  section  ana  40 
indaes  (102  em.)  in  length,  set  so  as  to  project  about 
1  foot  above  general  surface;  small  hole  in  top  of 
post  marks  the  predse  point.  The  following  true 
bewingB  were  detemadned:  flagstaff  at  cable  station, 
04*  W\o&blUk  rod  of  windmill,  102*  49'.3.  A  second- 
ary station  was  established  in  1906  at  a  point  about 
100  feet  {80  meters)  true  north  55*  52'  west  of  the 
main  station. 

Fui  Islands. 

,  FoM,  Via  Lmu  Idand,  1006.— About  2  miles  (3  kik>- 
meters)  from  Swn^  on  north  shore  of  Suva  Harbor 
and  on  a  point  called  Suva  VoU|  identical  with  H.  M. 
S.  IFatefwildk  station  of  1806  and  was  found  marked  by 
a  eooerete  post  sl,anding  about  18  indies  (45  cm.) 
out  of  ground.  The  poet  is  marked  with  an  arrow 
and  the  year  1896.  The  lower  lighthouse  is  in  true 
bearing  129*  48 '6.  A  secondary  station  for  dip 
observations,  and  designated  as  Suva  You  B,  was 
established  about  75  feet  (23  meters)  northeast  of 
above  station. 

Hawaiian  Islands. 

8i$d  {HmwUdu  Magnetic  05wrva(ory),  Oahu  Island,  1905, 
1907. — ^The  observations  were  made  on  the  mag- 
netometer pier  of  the  absolute  house  of  the  Coast  and 
Geodetie  &irvey  magnetic  observatory,  located  at 
SiaaL  In  1907  a  tent  station.  A,  was  also  occupied 
about  40  feet  (12  meters)  due  true  north  of  the  abeo- 
krte  observatory  pier,  in  the  obeervatorv  inclosure. 
A  ssoond  tent  station,  B,  was  established  about  60  feet 
(18  meters)  southwest  of  the  absolute  observatory, 
in  observatory  indosure.  The  various  ship  instru- 
ments were  tested  in  1907  at  several  other  points  in 
the  observatory  grounds. 

Mauanas. 

^  1906.— Four  stations  were  established,  two  at 
Oiote  Foint  and  two  at  Cabras  Island.  The  main 
station  at  Orote  IViint  is  east  of  the  Point,  on  the 
■oath  ads  of  Apra  Harbor,  and  on  a  sand  beach  near 
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of  hi|^  land  on  outer  edge  of  vegetation. 
Marked  bv  a  cement  post,rfiet  with  its  top  somewhat 
above  surface  of  ground.  The  following  true  bearingi 
were  determined:  flagpole  at  Piti,  256*  39:i;  wireless 
tdesraph  pole,  266*  03'6.  Observations  were  also 
mack  at  a  point,  designated  Orote  Seeondary,  about 
30  feet  (9  meters)  east-northeast  of  the  main  station. 
The  main  station  on  Cabras  Idand  is  on  the  north 
side  of  Apra  harbor,  approximately  150  yards  (140 
meters)  west  of  coal  shed  and  about  30  feet  (9  meters) 
from  water.  The  following  true  bearingi  were 
determined:  flagpole  at  cable  station,  41*  09:4; 
magnetic  station  at  Orote  Point,  71*  07:0.  Obser- 
vations were  also  made  at  a  point,  designated  Cabras 
Seamdary,  about  50  feet  (15  meters)  west  of  principal 
station. 

MABQXTxaAS  Islands. 

Nukahwa  Itkmd,  1907. — ^A  number  of  stations  were 
occupied  and  indicated  local  disturbance.  Station  8 
is  on  the  site  of  the  old  Fort  Collet,  a  small,  con- 
spicuous rodcy  knoll  on  east  side  of  Tai-o-hae,  or 
Anna  Maria  Bay,  and  about  90  feet  (27.5  meters) 
above  sea-levd.  The  point  is  about  40  feet  (12 
meters)  northwest  of  a  trail  which  leads  up  from  the 
pubUo  tndl  to  the  harbor  light,  which  is  fixed  to  a 
pole  57.8  feet  (17.63  meters)  distant.  Marked  bv  a 
hole  in  the  tap  of  a  pine  post  3.5  bv  5.5  by  33  inches 
(10  by  14  by  84  cm.)  set  one-half  its  len^  in  the 
ground.  The  harbor  light  is  in  true  beanng  (T  40^ 
west  of  south.  Station  9  m  near  the  northwest  head 
of  Tai-o-hae,  or  Anna  Maria  Bay,  on  land  covered 
with  a  dense  Qpwth  of  tall  brush,  bdonging  to  the 
government.  This  point  is  27  feet  (8.2  meters) 
distant  from  and  about  3  feet  (1  meter)  above  high- 
water  mark.  The  station  is  marked  by  a  hole  in  top 
of  a  pine  post  3.5  by  3.5  by  44  inches  (9  by  9  by  110 
cm.)  projecting  about  40  cm.  above  the  ground. 
Three  test  stations  were  also  established  at  points 
around  9;  they  are  designated  as  Pi,  9%,  and  Pf  The 
following  true  bearings  were  determined  from  9: 
sUtion  8,  278*  42:37harbor  light  pole,  279*  07 !6; 
northwest  edge  of  (government  House,  274*  00 '4. 
Two  additional  stations  were  placed  on  the  line 
determined  by  station  8  and  the  basaltic  diff .  which 
is  in  true  bcMurbg  60*  29'1  west  of  south  from  8. 
The  first,  desipiated  as  ^i,  is  40  feet  (12.2  meten) 
west,  and  the  second,  ^,  is  43  feet  (18.1  meters) 
east  along  this  line  from  the  principal  station. 

Mabshall  Islands. 

JaluU  Island,  1906,  1907.— The  main  sUtion  of  1906  and 
1907  is  at  American  Town,  about  one  and  one-fourth 
miles  (2  kilometers)  south  of  the  settlement,  near  the 
high-water  mark  and  the  shore  end  of  the  old  railroad 
pier.  Marked  by  a  cement  post  bearing  the  letters 
C.I.  1906,  set  wiUi  its  top  slightly  above  the  surface 
of  the  ground.  The  following  true  bearings  were 
determined:  Company's  flagpole.  204*  17 ;2;  hotel 
fla^rtair,  lOr  38:4;  beacon  in  lagooDi  183*  31  !8. 
Observations  wore  also  made  in  1906  at  a  point, 
designated  as  Jaluit  Seccmdaty,  about  30  feet  (9 
meters)  to  the  south  and  in  range  with  station  and 
Omipany's  flagpole.  Station  Jaluit  ///  of  1906  was 
establislMd   to   test    k>cal   disturbance   about    the 


position  of  swing  in  harbor,  and  is  about  8  miles 
(5  kilometers)  southwest  of  the  principal  station. 


I)ip  observations  were  made  at  a  point,  ///  Secondary ^ 
about  75  feet  (22.9  meters)  east  of  ///.  In  1907  a 
secondary  station,  designated  Jaluit  Seetmiory  f ,  was 
established  at  a  point  57.8  feet  (17.62  meten)  tma 
south  XT  W  west  of  the  mam  station. 
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Samoan  Iblamdb. 

Apia,  UpcHu  J9Umd,l906,  1906,  1007.— The  obMnrations 
nuMie  by  O.  Heimorod  in  1906  w«re  at  the  fint 
•beolute  house.  <m  the  spit  of  hoid  eaUed  Mulmum. 
of  the  Samoa  Obeervatoiy  of  the  Iniporiftl  Academy  Of 
Soieooea  of  QMtmgen.  The  obaervatioiia  of  1906 
by  the  offioera  of  th»QaUU$were  nuMle  at  three  pointa. 
(mt  of  theae  waa  the  fint  abaolute  house  of  the  Samoa 
Observatory.  The  second  station,  desicnated  North 
Pier,  waa  m  the  observatory  nrounda  lubout  50  feet 
(15  meters)  north  of  the  absolute  house.  The  third 
station,  designated  as  Bail  Pier,  was  in  the  observa- 
tory grounds  about  50  feet  (15  meters)  east  of  the 
absolute  house.  The  observationa  in  1907  were  made 
at  two  sfiations.  The  first,  designated  8tmp,  waa 
near  the  north  pier  station  of  1906,  being  about 
10  feet  (3  meters)  northwest  of  the  north  pier.  The 
second,  designated  as  Weel  Pier,  was  in  the  obser- 
vatory pounds  about  41  feet  (12.5  meten)  west  from 
west  wall  of  new  abaolute  house.  The  first  abs^ute 
house  of  the  observatory  was  being  rebuilt  at  the 
time  <tf  the  1907  work  and  it  was  not  possible  to 
observe  in  it. 


SocnTT  ISLAMDS. 

Mahi  Via.  TahiH  Ititmd,  1907.— Three  stataons  were 
oooupied  near  aoutheast  comer  of  snudl  island  called 
Motu  Uta  in  Ptoeete  Harbor  and  designated  as 
Motu  Uta.  Motu  Uta  1,  and  Motu  Uta  f .  iWare 
in  line  with  flMstaff  at  Qovemment  Building.  Motu 
Uta  ia  the  middle  point,  and  stations  i  andf  are  30 


ISLANDS.  PACIFIC  OCEAN. 


feet  (9.1  meters)  on  each  side,  f  being  near  the  hi|^ 
water  mark.  Tvam  bearing  of  cathedral  spire  from 
Motu  Uta,  296*  59:0.  Station  Motu  Uta  f  waa 
used  only  aa  a  test  statkm  for  k)cal  distmbanee,  and 
an  observations  were  incomplete  and  for  that  reason 
no  results  were  given.) 

Papeete,  TakiU  Idamd,  1907.— Within  and  near  eastern 
comer  of  a  tract  of  gjoverament  land  immediately 
south  of  the  Botanical  Garden,  M>proximatdy 
350  feet  (106  meters)  southeast  of  gardener's  house 
in  Botanical  Garden,  175  feet  (52  meters)  northeast 
f nmi  windmill  pump  on  government  traict,  73  feet 
(22.2  meters)  south-southeast  from  a  lufjfi  coconut 
tree  standing  near  the  fence,  and  appronmate^  50 
feet  (15  meten)  fimn  the  fencea  to  east  and  aouth. 
Marked  by  a  hardwood  post,  lettered  on  top  T. 
M.  C.  I.  and  having  a  copper  tack  at  the  center.  A 
secondary  station  waa  oocimied  50  feet  (15  meters) 
true  north  32*  32^  west  of  the  main  station. 

Smaa  Carol  Idand  (PapeeU  Harbor),  TokiH  Itkmd,  1907.— 
On  a  small  sandbar^  about  100  feet  (30  meters)  long, 
and  the  same  in  width,  rising  about  a  foot  (30  em.) 
above  hudi  water,  situated  south  of  entrance  to 
Papeete  Harbor.  Marked  by  a  fir  post  about  31 
incnes  (9  cm.)«iuare  and  4  feet  (1.2  meters)  long, 
sunk  1  foot  (30  cm.)  in  the  cround.  The  following 
true  bearingi  were  determinea:  Cathedral  MMre,  265* 
57:2;  north  obelisk,  26r  16:8:  south  dbSSk,  312* 
04^5.  Two  auxiliary  stations,  oesignated  aa  1  and  f, 
were  occiqiied  on  toe  west  and  east  sides  of  and  30 
feet  (9.1  meters)  distant  from  the  princ^>al  station, 
in  line  with  the  cathedraL 


EXTRACTS  FROM  DIRECTOR'S  INSTRUCTIONS  FX)R  CRUISES  AND 

OBSERVATIONAL  WORK  ON  THE  GALILEE. 

The  foUowing  extracts  from  the  Director's  instructions  and  letters  to  those  in 
command  of  the  vessel  will  serve  to  explain  the  routes  followed  by  the  vessel  and 
the  methods  of  observation  adopted  for  the  various  kinds  of  work.  While  some  of 
the  early  methods,  according  to  experience  gained,  were  modified  or  superseded, 
their  complete  presentation  here  will  be  useful  in  showing  how  the  observations 
were  made  at  the  successive  stages  of  the  work,  and  how  the  methods  and  instru- 
ments were  gradually  developed  and  improved.  The  comparison  of  instructions 
for  observations  aboard  a  magnetic  ship  with  those  for  the  work  on  a  non-magnetic 
one  (see  pp.  316-324),  will  be  of  interest,  and  will  show  the  great  superiority  of  hav- 
ing a  vessel  specially  adapted  for  the  problem  undertaken.  The  extracts  form  thus 
also  an  historical  record  of  the  experiences  it  was  necessary  to  pass  through  before 
reaching  the  goal  set. 

When  referring  to  ''swings''  of  vessel,  the  term ''  first  helm"  is  used,  regardless 
whether  vessel  was  swung  first  with  starboard  or  with  port  helm.  The  term 
"other  helm"  signifies  that  the  vessel  was  swung  next  with  helm  opposite  to  that 
used  first.  Thus,  if  for  any  series  of  swings,  ''first  helm"  is  the  starboard-helm 
swing  then  "other  helm"  is  the  port-helm  swing. 

CRUISE  I  OF  THE  GAULEE.  1905. 

J.  F.  Pratt  m  Coidcand. 

Fbom  Instructions  op  Aug.  15,  1905,  to  J.  F.  Pratt,  San  Disgo,  Cal. 

L  Upon  oompletion  of  the  necessary  alterations  on  the  OaUlee  you  wiU  proceed  with  her  to 
HondiilUi  Hawaiii  thence  work  northward  as  far  as  the  conditions  will  permit,  returning  once  more 
to  the  Hawaiian  Islands,  if  considered  best,  thence  to  the  Midway  Islands,  and  return  to  San  Fran- 
dsoo^  about  December  1,  1905.  (This  is  a  general  outline  of  the  region  to  be  covered,  the  predse 
manner  of  execution  for  the  successful  conduct  of  the  work  being  left  to  your  judgment.) 

2.  The  necessary  swings  for  the  deteraiination  of  the  deviations  in  the  declination,  dip,  and 
intensity  will,  of  course,  again  be  made  at  the  time  of  departure  from  San  Diego.  (For  the  harbor 
swings,  whenever  possible,  16  equidistant  headings*  should  be  taken.)  It  is  especially  essential  that, 
during  these  swings,  all  articles  likely  to  affect  the  instruments  be  in  same  position  as  at  sea.  In  this 
connection  you  are  urged  to  pay  special  attention  to  the  iron  at  the  head  of  the  sail  when  down  on  the 
boom,  in  which  position  it  may  come  too  close  to  the  dip-circle  position.  In  general,  the  same 
methods  are  to  be  pursued  as  at  San  Francisco,  except  that  observations  with  sea  deflectors  are  to 
be  made  as  follows:  First  8  points  use  magnet  45,  letters  on  magnet  up,  next  8  points  use  magnet 
45,  letters  down;  for  swing  on  other  helm,  use  magnet  NL,  letters  up,  on  8  points,  and  then  on 
remaining  8  points,  letters  down.*  As  much  time  as  possible  should  be  given  on  each  heading, 
and  the  list,  roll,  and  any  other  pertinent  data  be  noted. 

3.  If  not  already  done,  deflection  observations  should  be  made  ashore  with  magnets  45  and  NL 
(letters  up  and  down),  so  as  to  determine  the  constants  anew.  Likewise  the  times  of  oscillation  of 
the  two  Kelvin  cards,  as  at  San  Francisco,  are  to  be  obtained. 

>CliaiifMi  Ut«r  to  San  Diafo. 

^Chanied  to  S  «iaidistuit  h— diiigi,  «sp«rMiiee  having  proved  thia  number  euAoient  for  tlie  Oolibt. 

*Ckn^Hl  eabeeqneotly  in  neeordnnee  with  footnote  2. 
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4.  All  observations  made  at  San  Diego,  inclusive  of  the  ship  swings,  are  to  be  transmitted  to 
Washington,  so  that  the  Office  can  make  final  reduction  of  the  work  done  on  the  trip  from  San 
Francisco  to  San  Diego.  Abstracts  of  the  essential  quantities  should  be  made  in  the  ''Abstraet 
Books"  left  in  your  possession. 

5.  In  general  at  sea,  swingp  on  as  many  points  as  possible  are  to  be  secured,  on  the  average  every 
second  or  third  day,  conditions  permitting,  and  observations  be  made  on  the  intennediate  dajrs  on 
the  ship's  course,  again  using  every  precaution  as  to  the  position  of  artides  likdy  to  affect  the  instru- 
ments. In  the  sea-deflector  work  it  is  preferable  to  use  each  time  both  magnets  as  per  general 
scheme  above,  not  having,  however,  on  the  bridge  more  than  one  magnet  at  a  time. 

6.  On  the  course  observations. — Dip  and  intensity  observations  with  sea  dip-circle  169  (needles 
1,  2,  S,  4)f  tmd  observations  with  sea  d^ector  1  should  be  made  according  to  method  followed  on 
experimental  trip  from  San  Francisco.  It  will  be  well  to  interchange  observers.  Thus  first  day: 
Dr.  Egbert,  sea  deflector;  Mr.  Ault,  sea  dip-circle.  Next  day:  Dr.  Egbert,  dip  circle;  Mr.  Ault, 
deflector,  etc.  The  endeavor  should  be  to  have  the  mean  time  of  the  deflector  work  about  the  same 
as  that  for  the  dip  circle. 

7.  Should  it  not  be  possible  to  make  deflections  with  the  dip  circle  in  low  latitudes,  then  ooo- 
tinue,  nevertheless,  the  observation  with  the  loaded  needle,  and  thm  secure  relative  total  intensity. 
The  observers  must  be  cautioned  to  take  every  possible  care  in  handling  the  needles.  Should  any- 
thing happen  to  needle  No.  3,  preventing  its  further  use,  then  cable  as  soon  as  possible  and  substi- 
tute for  it  one  of  the  dip  needles  (No.  1  or  2),  noting  that  tiiereafter  the  particular  dip  needle  selected 
can  no  longer  be  used  for  inclination  observations,  and  must  not  have  its  magnetism  disturbed;  it 
should  be  kept  in  the  box  with  No.  4.  In  case  anything  happens  to  the  loaded  needle  (No.  4)  so  as 
to  make  impossible  observations  with  it,  then  continue  simply  the  deflections  and  inform  the  Office 
promptiy  of  the  accident.    It  is  sincerely  hoped,  however,  that  these  contingencies  will  not  ooeur. 

8.  Owing  to  the  difficulty  in  securing  declinations,  on  account  of  meteorological  conditions,  it 
will  be  necessary  to  avail  yourself  of  every  opportujiity  to  secure  data,  keeping  a  man  on  the  kxdcout 
on  the  bridge  whenever  necessary.  The  observations  should  be  made  over  as  long  an  interval  as 
possible,  and  it  will  suffice  to  get  them,  in  general,  with  the  Ritchie  standard  compass  (RIA); 
however,  it  will  not  be  amiss  to  secure  comparative  data  with  the  other  compasses,  this  being  one  of 
the  purposes  of  the  expedition. 

9.  The  list,  roll,  and  all  other  pertinent  data  must  be  entered  in  the  record  for  all  observations 
made. 

10.  The  general  investigation  of  local  disturbances  in  the  vicinity  of  land-masses  must  be  left 
to  your  judgment,  this  matter  being  dependent  on  conditions  encountered. 

11.  The  various  instrumental  constants  and  ship  deviation-coefficients  will  again  be  determined 
at  Honolulu,  Hawaii,  making  use  of  the  facilities  at  the  Coast  and  Geodetic  Survey  Magnetic  Ob- 
servatory, so  as  to  check  up  once  more  on  the  instruments.  They  will  also  be  determined  again  at 
San  Francisco.^ 

12.  All  navigational  data  and  geographic  positions  assigned  to  the  observations  at  sea  must  be 
checked  by  some  independent  observer,  besides  the  one  to  whom  you  will  give  chief  charge  of  this 
work.    ♦    ♦    ♦ 

Fbom  Directions  of  Sbptembeb  18,  1905,  to  J.  F.  Pratt,  Honolulu. 

1.  Judging  from  experience  in  the  discussion  of  observations  made  on  Coast  and  Geodetic  Survqr 
vessels,  and  that  now  being  encountered  on  the  Galilee,  it  would  appear  that  our  principal  trouble  on 
the  latter  vessel  will  arise  from  the  shifting  positions  of  masses  of  iron,  as  for  example,  hoisting-chains 
and  blocks.  There  are  several  instances  in  our  observations  from  San  Francisco  to  San  Diego  where 
differences  have  occurred,  which  can  only  be  explained  by  the  circumstance  that  masses  of  iron  may 
have  come  too  close  to  the  instruments. 

2.  You  are  therefore  requested  to  make  a  study  of  the  remaining  masses  of  iron  in  the  rigging, 
sails,  and  hoisting  tackle,  which  could  be  replaced  by  non-magnetic  metal,  and  to  make  an  estimate 
of  the  probable  cost,  so  that  it  may  be  decided  whether  the  changes  can  be  made  when  the  OalUee 
returns  to  San  Francisco  (San  Diego).  A  critical  analysis  of  the  observations  thus  far  shows  very 
clearly  that  if  we  can  properly  control  the  positions  of  the  remaining  masses  of  iron,  a  most  gratifying 

K}hanged  later  to  San  Di«go. 
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dggpwi  of  •ccuracy  in  the  determination  of  the  magnetic  elements  may  be  obtained.  *  *  *  Certain 
observations  on  August  7  show  very  clearly  that,  between  the  inclination  and  the  intensity  obser- 
Tslioiis,  something  occurred  which  caused  a  different  distribution  of  iron  masses  within  the  region  of 
inflosDoe.    *    *    * 

Z.  It  is  also  extremely  essential  that  the  observer  remove  from  his  person  all  articles  likely  to 
affect  the  instruments,  and  it  would  be  well  to  devise  some  form  of  statement  to  be  entered  in  the 
nport  of  the  observations  to  insure  that  this  has  been  done.    *    *    * 

From  Dirbctions  of  October  16,  1905,  to  J.  F.  PRiiTr,  Honolulu. 

1.  On  the  12th  instant,  the  following  cablegram  was  sent  you  to  Honolulu:  ''Daily  swings 
neoenaiy.  Instrumental  changes  require  closing  San  Diego  instead  San  Francisco.  Instead  failing 
dsAeetioiis  observe  usual  dips.    Aclmowledge."    ^    *    * 

2.  We  are  having  great  difficulty,  for  one  reason  or  another,  making  the  deviations  fit  theory,  and 
it  is  bdieved  that  the  only  safe  course  to  follow  is  to  string  every  day,^  so  that  the  mean  results  will 
be  free  from  uncertainty  on  account  of  deviation.  It  will  be  a  great  saving,  especially  in  the  compu- 
tatioQ,  if  we  do  not  have  to  bother  with  deviations.  With  this  experience  in  mind,  please  do  your 
utmost  to  secure  swingp  as  often  as  possible.    *    *    * 

8.  Tou  will  doubtiess  swing  the  Galilee  off  the  coast  near  the  Honolulu  Magnetic  Observatory, 
about  ifdiere  you  swung  the  Patterson,  of  the  Coast  and  Geodetic  Survey,  in  1904.  The  cablegram 
ealls  for  dip  observations  in  place  of  the  deflections  when  they  fail.    *    *    * 

From  Directions  of  October  17,  1905,  To  J.  F.  PRiLxr,  Honolulu. 

1.  Before  it  is  possible  to  reduce  completely  the  observations  from  San  Diego  to  Honolulu,  it 
win  be  necessary  to  secure  some  good  swings  at  Honolulu  at  the  place  mentioned  in  the  letter  of 
yesterday.  At  least  two  good  swings  are  desired:  for  example,  one  a.  m.  and  one  p.  m.,  to  be  re- 
psftCed,  if  observations  are  not  satisfactory.  The  inclination  and  intensity  observations  should 
be  made  thus:  a.  m.,  observations  with  loaded  needle  on  first  helm,  next  inclination  observations 
with  needle  No.  1,  say  on  the  other  helm  swing;  p.  m.,  observations  with  loaded  needle  on  helm 
opposite  that  of  the  morning;  next  inclination  observations  with  needle  No.  1  (polarities  reversed) 
oo  other  hebn.  It  would  be  preferable  if  observations  could  be  made  on  each  heading  for  each  of 
the  positicHis  of  the  drde  G>oth  for  the  loaded  needle  and  the  dip  needle).  Thus,  the  observations 
oo  eadi  beading  would  be  for  the  positions:  face  circle  east;  face  needle  east;  face  circle  west;  face 
needle  west;  etc. 

2.  Swings  with  dip  needle  and  loaded  needle  should  be  kept  up  after  leaving  Honolulu  until  the 
defleetkm  method  becomes  available  again  with  the  sea  dip-circle,  after  which  it  will  be  desirable  to 
•Hemate;  for  example,  on  one  day  swings  with  loaded  needle  and  with  dip  needle,  while  on  the  next 
day,  swingi  will  be  made  with  the  loaded  needle,  followed  by  deflections. 

8.  At  San  Diego,  the  port  of  arrival,  swings  will  be  made,  using  both  methods  given  in  2. 

4.  Inclination  observations  at  the  land  station  should  hereafter  be  made  regularly  by  the 
direct  method,  also  with  needle  3,  not  reversing  polarities,  however,  in  the  latter  case.  It  will 
therefore  be  necessary,  before  you  leave  Honolulu,  to  make  such  observations  at  the  Honolulu 
Observatoiy  in  sufficient  number  to  give  a  good  value  of  the  correction  required  to  reduce  the 
indination  thus  obtained  with  No.  3  to  the  standard  value.  Whenever  the  deflection  method 
is  apidicable,  the  inclination  wiU  likewise  be  obtained  in  this  way,  in  order  that  the  data  may 
be  derived  for  determining  the  corrections  on  account  of  non-reversal  of  polarity  of  deflected 


From  Instructions  of  November  22,  1905,  to  J.  F.  Pratt,  San  Dieqo,  Cal. 

1.  In  addition  to  the  directions  contained  in  the  iostructions  of  August  15,  and  letters  of 
September  18  and  October  16  and  17,  respecting  the  closing  work  at  San  Diego,  complete  magnetic 
cbservations  (D,  Jf,  /)  at  both  C.  I.  W.  shore  stations  Nos.  I  and  III,  between  which  the  ship  was 
swung  last  August,  are  to  be  made.  At  both  of  these  stations,  furthermore,  standardisation  ob- 
■Ml  si  ions  will  be  made  with  the  dip  circles,  and  the  intensity  constants  will  be  determined  for  the 
■ea  dq^-cirele,  and  for  the  sea  deflector. 

K)wiiic  to  mtteoroloffioftl  oonditiont  enoouniartd,  thia  did  not  prove  fMiible. 
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2.  All  observatioDS  called  for  in  paragraph  1  will  be  computed  and  reviaed  immediately,  and 
repeated,  if  necessary,  before  any  change  whatsoever  is  made  in  the  ship  or  in  the  instruments. 
For  your  guidance,  there  is  inclosed  a  tabulation  of  the  previous  results  obtained.    *    *    * 

3.  Please  note  that  the  swings  at  San  Di^;o  must  be  made  under  the  same  ccmditions  of  ship  as 
at  sea,  as  nearly  as  that  can  be  attained,  and  that  the  same  methods,  e.  9.,  for  amnuth,  be  used  as  for 
the  sea  observations;  otherwise,  the  deviations  obtained  will  not  strictly  apply.    ^    *    * 

4.  A  complete  tabulation  of  the  corrections  for  all  time-pieces  on  board  must  be  forwarded  to  the 
Office,  so  that  their  behavior  will  be  known.    *    *    * 

5.  It  would  be  extremely  desirable,  in  order  to  iiiq)rove  the  sea  dqHdrde  and  obviate  the 
deflection  method  failing  so  quickly,  that  a  rough  determination  be  made  of  the  distance  at  which 
deflections  would  be  possible  at  the  Honolulu  Observatory. 

6.  If  you  have  not  covered  the  gimbal  stand  for  the  dip  drde  so  as  to  shield  the  pendulum  bob 
from  the  wind,  please  attend  to  this.  Some  of  the  outstanding  effects  on  the  dip  circle  apparently 
can  not  be  ascribed  to  ship  deviations,  but  rather  to  a  want  of  level  of  the  instrument,  as  might  be 
caused,  for  example,  by  the  action  of  the  wind. 

7.  The  complete  analysis  of  the  entire  work  also  makes  it  desirable  that  the  deviations  for  a 
compass  placed  at  the  dip-circle  position  be  determined  at  one  of  your  ports.  This  can  be  done  by 
comparison,  using,  for  example,  the  method  followed  with  reference  to  the  Kelvin  compass  at  San 
Francisco. 

8.  Please  request  the  observers  to  make  a  note  on  the  dip  sheet  when  they  remagnetise  the 
dip  needle  before  beginning  the  observations,  and  to  give  the  number  of  strokes  used.    *    *    ^ 

Fbom  Instructions  of  Dbcbmbsb  18,  1905,  to  J.  F.  Pratt,  San  Diego,  Cal. 

1.  Before  leaving  San  Diego,  please  make  sure  that  all  instructions  sent  you  respecting  the 
closing  work  at  San  Diego  have  been  f  uUy  carried  out,  in  order  that  there  may  be  no  difficulty  in  the 
final  reduction  of  the  observations.  This  is  especially  important  in  view  cS  the  contemplated 
changes. 

2.  You  will  of  course  see  to  it  that  all  reports  and  records  are  complete,  as  called  for  in  the 
various  instructions  before  forwarding  them  to  the  office. 

3.  You  will  arrange,  as  offered,  regarding  the  early  completion  of  the  additional  alteratimu 
agreed  upon,  which,  briefly  stated,  involve:  (a)  building  a  new  galley  over  the  forehatch;  (6)  cuttin( 
off  the  after  end  of  the  old  house,  so  as  to  leave  about  8  feet  for  a  forecastle;  (c)  extending  the  observini 
bridge;  (d)  changes  in  hoisting-gear  so  as  to  make  it  as  non-magnetic  as  possible;  (s)  removal  of  iroi 
strips  around  middle  hatch;  (/)  building  of  an  extra  cabin.^  (If  binnacles  and  stands  on  the  bridg 
are  removed,  their  present  places  should  be  carefully  marked,  so  that,  if  necessary,  everything  can  b 
exactly  replaced.)    ♦    ♦    ♦ 

4.  Since  it  has  been  arranged  that  the  alterations  will  be  supervised  by  Captain  Hayes,  wh 
will  also  be  responsible  for  the  property  on  board  the  ship,  Mr.  Ault  may  be  authorised  to  proceed  t 
the  Baldwin  Magnetic  Observatory  for  the  detennination  of  the  desired  instrumental  constants.  *  ^ 

CRUISE  II  OF  THE  GALILEE,  1906. 

W.  J.  Pbtbbs  in  CoincAMD. 
From  General  Instructions  of  January  9,  1906,  to  W.  J.  Peters,  Washington,  D.  C. 

1.  As  soon  as  convenient,  you  will  proceed  to  San  Diego,  California,  via  San  Francisco,  ac 
assume  charge  of  the  yacht  Galilee^  engaged  in  the  magnetic  survey  of  the  North  Pacific  Ocean. 

2.  At  San  Francisco  you  will  confer  with  Captain  J.  F.  Pratt,  at  the  suboffice  of  the  Coast  ai 
Geodetic  Survey,  regarding  the  duties  assigned  you.    *    *    * 

3.  Respecting  the  alterations  now  being  made  on  the  GalUee,  and  their  status,  you  will  be  a 
vised  by  Captain  Pratt,  whereupon  you  will  relieve  him  of  the  supervision,  and  attend  to  su( 
payments  as  he  may  advise  you  of.  You  have  already  been  informed  that  the  chief  cause  of  tl 
compass  deviations  is  located  on  the  port  side  of  the  bridge  and  forward  of  the  positicms  of  t! 
compasses,  about  in  the  direction  of  the  port  side  of  the  old  galley.  It  is  quite  possible  that  son 
effect  may  also  come  from  the  iron  material  in  the  boat  on  the  port  side.    You  will  make  the  desir 

*See  alio  paragraph  32  of  J.  F.  Pratt '■  report,  p.  133. 
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wnofnimition  reqiectiiig  this  matter,  and  arrange  to  have  this  boat  stowed  elsewherei  if  deemed 

•    «    • 


From  Routr  Insiructions  op  Januart  20,  1906,  to  W.  J.  Pbtbrs,  San  Dnoo,  Cal. 


1.  The  general  route  to  be  covered  in  the  forthcoming  cruise  is  as  follows:  Leaving  San  Diego 
as  early  in  February  as  drcumstanoes  will  permit,  sail  on  a  direct  course  for  Fanning  Idand,  thence 
to  i^na  and  Pago  Pago,  Samoan  Islands.  If,  upon  the  completion  of  the  work  at  tiie  Samoan  sta- 
tions, it  should  be  found  feasible,  proceed  next  to  Suva,  Fiji  Islands,  a  cable  station.  From  there, 
or  from  the  Samoan  Islands,  as  the  case  may  be,  take  a  course  to  Jaluit  Island  of  the  Marshall  Group, 
where  a  good  harbor  will  be  found  and  supplies  are  obtainable,  this  being  an  important  German 
trading-station.  Proceed  next  by  direct  course  to  San  Luis  d'Apra,  Guam,  a  cable  station;  leaving 
there,  pass  to  the  westward  until  the  meridian  of  Yokohama  (140^  east)  is  reached,  and  thence 
proceed  alcHig  that  meridian  to  Yokohama  or  to  the  Gulf  of  Tokio,  where  a  suitable  place  will  be 
sdeeted  for  the  harbor  swing.  The  aim  should  be  to  leave  here  not  much  later  than  July  1,  in  order 
to  be  sore  of  encountering  as  good  weather  conditions  as  possible  on  the  return  trip,  going  by  direct 
course  to  Kiska  Island  of  the  Aleutian  Chain,  from  there  to  Sitka,  unless  otherwise  instructed,  and 
then  back  to  San  Diego,  endeavoring  to  reach  this  port  in  October  1906.  [Owing  to  delayed 
departure  from  Yokohama,  it  was  necessary  on  this  cruise  to  omit  the  trip  to  Sitka  and  return 
ioatead  by  great^nrcle  route  to  San  Diego.] 

2.  It  idll  be  noticed  that  this  cruise  embraces  a  number  of  good  supply  stations,  and,  likewise, 
stations  for  controlling  well  your  chronometers,  as  also  affording  facilities  for  excellent  harbor  swings 
and  comparisons  of  instruments  at  three  magnetic  observatories  (Apia,  the  Gennan  Magnetic 
ObservatOTy,  where  one  of  the  temporary  obs^ers  of  the  Department,  Mr.  G.  Heimbrod,  is  at 
present  staticmed;  next,  Tokio,  and  Sitka).    *    *    * 

From  Dirsctions  or  January  30, 1906,  for  Swings  No.  1  at  San  Dibgo,  to  W.  J.  Pbtbrs. 

1.  Assure  yourself  that  everything  is  in  place  on  board  ship  as  nearly  as  possible  as  at  sea,  being 
particulariy  careful  about  removal  of  all  magnetic  articles,  as  far  as  possible,  in  the  vicinity  of  the 
UJdge.  Before  beginning  work,  rehearse  observers  in  operations  assigned.  Arrange  to  complete  a 
swing,  both  hehns,  preferably  morning  or  afternoon,  or  at  least  on  same  day.  If  conditions  do  not 
make  16  equidistant  points  feasible  take  8.    [8  equidistant  headings  were  finally  adopted.] 

2.  First  swing,  being  an  experimental  one,  will  be  confined  to  declination  observations  and  com- 
parisons of  compasses  on  each  heading,  as  follows: 

A.  One  observer  using  Ritchie  standard  compass  (RIB).  Before  beginning  observations, 
mount  tl^  new  c}rlindric»l  reflector  in  place  of  the  deteriorated  one  in  the  asimuth  circle,  and 
take  care  not  to  disturb  verticality  of  mounting.  Obtain,  if  possible,  on  each  heading  3  readings, 
using  the  reflector  and  prism,  likewise  3  readings  with  alidade,  alternating,  preferably  from  one 
to  the  other,  so  as  to  determine  effectively  any  possible  difference  between  the  two  asimuth 
devices. 

B.  A  second  observer  using  the  Negus  compass  and  azimuth  circle  (Dl),  taking  readings  and 
following,  as  far  as  possible,  the  methods  under  A. 

C.  Mount  on  the  gimbal  stand  an  instrument  for  determining  the  compass  deviations  at  this 
position,  as  required  by  theory.  For  this  purpose  the  Kelvin  dry  compass  and  bowl,  using  the 
better  one  of  the  two  compass  cards,  may  be  fastened  to  the  top  of  the  gimbal  rings  with  the 
lubber-tine  as  nearly  as  possible  in  the  fore-and-aft  line.  *  *  *  No  asimuth  device  will  be 
used,  but  comparisons  l^  made  as  prescribed  in  D. 

D.  Comparisons  between  the  Ritchie  (RIB),  the  Negus  (Dl),  and  the  compass  on  the 
gimbal  stand  to  be  made  as  follows,  obtaining  3  readings  in  each  instance: 

When  the  ship's  head  is  on  the  course,  as  shown  by  the  Ritchie  standard  (RIB),  the  observer 
using  this  instrument  will  call  out  "On,"  whereupon  the  observers  at  the  other  compasses  will 
read  their  respective  cards.  There  will  thus  be  afforded  a  check  between  the  deviations 
obtained  independently  by  the  Negus  and  the  Ritchie  compasses.  Owing  to  the  less  advan- 
tageous position  of  the  Negus,  it  may  happen  that  the  solar  observations  will  be  cut  out  by  an 
intovemng  mast  more  frequently  than  with  the  Ritchie;  the  attempt  should  be  made,  nevw- 
thdess,  to  obtain  niiatever  conditions  will  pennit. 
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E.  The  observatioos  should  be  reduced  and  analysed,  as  soon  as  possible,  and  the  values  of 
B  and  C  to  the  nearest  minute  and  giving  sign  (whether  plus  or  minus)  for  the  3  positions  wired 
the  Office.    The  detailed  results  wul  be  m^ed  promptly. 

F.  Throughout  above  work  no  other  magnetic  instruments  than  those  designated  will  be 
allowed  on  the  bridge.  (You  were  instructed  by  wire  that  the  Kelvin  compass  is  to  be  re- 
mounted; this  applies  only  to  the  binnacle,  it  being  not  the  intention  to  have  the  compass  bowl 
mounted  on  the  binnacle,  except  for  occasional  experiments  at  sea,  as  per  directions  sup- 
plied later.) 

0.  The  Galilee  will  be  steadied,  of  course,  for  a  sufficiently  long  period  on  each  heading  to 
secure  good  results.  All  pertinent  facts  with  regard  to  the  swing  and  conditions  under  which 
made,  fist,  roll,  etc.,  will  be  fully  recorded. 

DnuBcnoNs  of  Janitabt  31, 1906,  fob  Swings  No.  2  at  San  Dnoo,  to  W.  J.  Pstsbs. 

1.  Same  preparations  as  called  for  in  paragraph  1  of  Directions  for  Swings  No.  1  are  to  be  made. 

2.  The  special  purpose  of  the  second  swings  will  be  to  determine  the  inclination  and  intensity 
deviati(»is.  Besides  recorder,  3  persons  will  be  requisite,  one  at  Ritchie  standard  compass  (RIB) 
to  hold  vessel  on  course,  to  csll  out  to  the  observers  when  vessel  is  on  course,  and  to  record  for  one 
of  the  observers.  One  observer  will  make  horisontal-intensity  observations  with  sea  deflector  1,  and 
another  will  make  inclination  and  intensity  observations  with  sea  dip-circle  35.  The  same  remark, 
2,  G,  Directions  No.  1 ,  applies  here.    The  swing  will  be  made  on  8  equidistant  points,  with  both  helms. 

3.  Inclination  and  intensity  observations  with  sea  dip-circle  35. — ^First-li^lm  swing;  both  loaded- 
dip  observations  (needle  4,  weight  6),  and  regular-dip  observations  (needle  2),  on  each  heading 
(scheme  A).  Other  helm:  deflection  observations  (scheme  B).  Schemes  A  and  B  are  purposely 
made  elaborate  in  order  to  ascertain  cause  of  certain  discrepancies  which  have  revealed  themselves 
in  past  swings.  It  will  be  far  better  to  take  all  positions  of  circle  and  of  needle  on  each  heading  every 
time  rather  than  to  multiply  readings  for  any  one  position.  However,  as  many  readings  as  possible 
of  both  ends  of  needle  should  be  made  for  each  position.  Care  must  be  taken,  before  mounting  the 
needle,  that  all  dust  has  been  removed  from  the  dip  circle,  especially  along  the  inner  periphery  of  the 
vertical  circle,  near  which  the  ends  of  the  needle  come,  so  that  when  lifting  the  needle  its  ends  will 
not  gather  up  fine  dust-filaments.  Likewise  the  blade  of  needle  must  be  thoroughly  clean  and  dry, 
so  as  not  to  introduce  an  additional  balance  error.  As  schemes  A  and  B  require  rather  frequent  hand- 
ling of  needle,  great  care  against  injury  to  the  pivots  must  be  exercised,  and  the  fingers  be  dry. 
The  jewels  must,  of  course,  also  be  kept  free  of  dust  and  moisture. 

ScmofS  A.^F%ni  Hdm:  LoatUd  Dip  and  Regular  Dip. 
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^  Polarity  of  needle  2  to  be  same  througliout  swing;  howev«r,  needle  should  be  well  magnetised  before  swing,  and  so 
that  the  A  end  will  be  dawn. 
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4.  HiKisontal-mtenaity  obsenrationfl  with  sea  deflectw  1  (Dl). — Schemea  C  and  D  will  b« 
Can  is  to  be  taken  in  the  tanperature  readings,  end  of  block  containing  defiecting  magnet 
boos  protected  against  air  currents.  Magnet  NL  will  not  be  uaed  for  these  swin^,  solely  magnet 
45.    (Direetkma  regarding  use  (tf  magnet  NL  will  be  supplied  later.) 

6.  Should  it  be  found  feasible,  there  will  be  no  objection  against  securing  declination  determinar- 
tkna  during  the  swing  by  the  person  at  the  Ritchie  standard  oompass  (RIB) ;  this  matter  must  be 
Isft  to  the  oooimander's  judgment.  The  method  outlined  in  sdwmea  C  and  D  will  again  afford  data 
for  dstennining  the  deviatioDs  of  Uy  Negus  compass  (Dl)  without  making  aiimuth  obaerratioDS. 

Q.  The  Kehdn  rftrnpass  will  of  course  not  be  mounted  on  its  *"""vU  thrav^ioat  thest  swii^; 
tWs  -1— piiTT  is  to  be  used  only  for  eertain  eq)aiineDtal  mA  at  sea. 
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DiRXCnONB  OP  FSBRUABT  8,  1906,  FOB  SWINQS  No.  3  AT  SaN  DmOOi  TO  W.  J.  PSTBBS. 

Same  as  for  swings  No.  2,  except  for  following  modificaticMis: 

1.  First  helm:  Deflections  with  sea  dip-circle,  beginning  with  kmg  distance,  instead  of  short 
distance;  face  of  needle  3  to  be  towards  observer  for  long  distance  and  away  from  observer  for  short 
distance. 

2.  Other  helm:  Loaded  dip  and  regular  dip  (needle  No.  2  again,  but  this  time  B  end  down)  with 
sea  dip-circle. 

3.  First  helm :  Deflections  with  sea  deflector,  using  this  time  magnet  NL  with  letters  up  throi^ 
out. 

4.  Other  helm:  Deflections  with  sea  ^leflector,  again  using  magnet  NL,  but  now  with  letters 
down  throughout. 

5.  Declinations  to  be  obtained  by  the  observer  at  the  Ritchie  standard  compass  (RIB),  taking 
3  readings,  on  each  heading,  for  both  hdms. 


iNSTRUcnoNB  OF  Fbbbuabt  9,  1906,  FOB  Sba  Obssbtations,  to  W.  J.  Pbtbbs. 

1.  When  all  instructions  regarding  the  observations  and  computations  for  the  work  at  San  Diego 
have  been  completed,  and  the  original  records  have  been  forwarded  to  the  Office,  please  wire  when 
jrou  are  ready  to  go  to  sea,  and  await  telegraphic  advice.  You  have  already  received  instructions 
regarding  route  (Jan.  20, 1906). 

2.  Distwfbing  Cau»$$. — ^You  have  already  been  cauticmed  as  to  the  need  of  excluding,  so  far  as 
lies  within  your  power,  any  extraneous,  artificial  disturbing  influences  likely  to  afiFect  the  work 
assigned.  You  will  accordingly  see  to  the  proper  disposition  of  articles  on  and  in  the  vicinity  of  the 
bridge,  removal  of  magnetic  articles  from  the  observer's  person,  etc.  Each  observer  will  state  on  his 
record  sheet  of  observations  whether  he  had  removed  all  magnetic  substances.  Statements  regarding 
the  various  conditions  under  which  observations  and  swings  are  made  can  not  be  too  full.  Roll  of 
vessel,  weather  conditions,  condition  of  ship,  manner  of  swinging,  and  all  other  pertinent  facts  should 
receive  proper  attention  in  the  notes. 

3.  Otographie  positicn  of  ship  during  cbservationB. — The  need  of  giving  this  matter  your  special 
attention  has  abneady  been  fully  explained.  The  observations  and  coiiq>utations  should  be  arranged, 
as  far  as  possible,  to  afford  opportunity  for  indq[)end»it  checks. 

4.  Swings  at  sea, — ^A  complete  swing  at  sea  must  be  obtained  with  both  hdms,  covering  8  points 
as  well  as  conditions  permit,  as  soon  as  possible  after  leaving  San  Di^o  Harbor.  Thereafter  the 
attempt  will  be  made  to  obtain  a  swing  every  third  day,  and,  in  no  instance,  should  more  than  a  week 
be  allowed  to  elapse  between  two  swings,  if  conditions  of  sea  and  weather  do  not  prev<»it.  Whenever 
possible  the  three  magnetic  elements,  declination,  inclination,  and  intensity,  are  to  be  secured  on  the 
same  swing.  Cloudiness,  however,  will  at  times  prevent  this  ideal  ccnnbination  and  the  work  will 
have  to  be  arranged  accordingly.  Cloudiness  will  not  be  an  excuse,  however,  for  not  swinging  at 
least  for  inclination  and  intensity;  the  ship  deviations  for  both  of  these  elements,  on  account  of  their 
greater  comparative  magnitude  and  greater  susceptibility  to  change  than  the  declination  deviations 
at  the  position  of  the  Ritchie  standard  (RIB),  require  more  frequent  control. 

The  general  program  of  magnetic  work  for  a  swing  will  be  as  follows: 

a.  Declination  observations  with  the  Ritchie  standard  compass  (RIB),  securing  3  readings 
so  far  as  possible  on  each  heading  of  both  port-hehn  and  starboard-hehn  swing,  increasing  the 
niunber,  if  necessary,  in  accordance  with  the  conditions  encountered. 

6.  Horiiontal-intentfty  observations  with  sea  deflector  (Dl). — ^Magnet  45  is  to  be  used 
throughout  for  both  helms,  having  letters  "up"  for  first  swing,  and  letters  ''down"  for  return 
swing.    Invariably  on  each  heading  the  four  positions  or  readings  will  be  taken. 

c.  Inclination  and  total  intensity  with  sea  dipncirde  (D.  C.  35). — ^First  helm:  Loaded  dip 
(needle  4,  weight  6),  invariably  on  each  heading  for  the  two  positions  circle  east  face  of  needle 
east  and  circle  west  face  of  needle  west,  needle  not  to  be  turned  around  (inverted)  throu^out 
the  swing,  and  at  least  2  independent  readings  to  be  secured  for  each  end  c^  the  needle  in  each  of 
the  two  positions  prescribed.    Other  hehn :  Deflections,  using  both  distances.^    Thus,  e.  g,,  short 

^  Both  d«fli)oUoQ  dUUnoM  may  r^quiro  too  much  work.  If  so,  it  will  tuffioe  to  take  but  one  <fi«ft*ti^^  oaiiic  for  oq« 
•UUon  th«  ahort  on«.  (or  th«  naxt  ttatioD  the  loag  one,  thus  altamatinc  the  two  distaneaB.  Whan  a  ain^  diatanoe  ia  uaad, 
than  8  raadina*  should  ba  takao  oa  aaoh  and  of  the  iiaadla.  Whanarar  but  ooa  aod  of  a  naadia  aan  ba  utad,  whatlMr  in  dip  or 
latanaily  work,  than  raadioft  mi  Uia  vi«bla  aod  will  ba  aultipliad. 
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6.  To  agfotd  lome  emcricnce  with  the  Kehrin  mmpMn,  the  lattar  ahoald  be  momited  when 
DO  hofiioDtel-uiteiiiity  oneiT»tioiis  are  being  made  with  the  sea  deflector,  and  dffdinatiann 
should  be  obeerved  witii  it.  In  order  to  determine  the  ship  deviatioiia  for  the  Edvin  comiMttB, 
as  abo  those  for  the  Negos  ocxnpaM  when  used  for  dedinaticm  woik,  aevend  eompa^ 
of  the  hibber-Unes  with  the  Bttdiie  standard  (RIB)  shoold  be  made  before  and  after  a  soies  of 
dedination  obsenrations  on  any  partieuhr  course. 

e.  When  the  Kdvin  compass  is  mounted,  attempt  should  be  made  to  detennine  the  period 
of  vibraticm  of  the  particular  card  used,  and  a  reconi  be  kept  of  the  Tarioos  places 
eqwrimental  obsenrations  are  made.    (Hie  purpose  is  to  ascertain  whether  a  vibration  method 
could  be  as  adyantanously  emidojred  as  the  meaent  deflectkm  meti         The  Kdvin  compass 
inU  of  course  not  be  kept  oo  the  bndge  when  luDdy  to  affect  the  other  w 

d.  Occasioinal  horiaontal-inteDsity  observatJons  with  the  seaKJeflector  attarhmpnt  mounted 
on  the  Ritdhie  standard  compass  (RIB). 

8.  Mdearolcffieal  €b$arvation8. — ^These  observati<xis  will  be  made  in  accc»danoe  with  the  direc- 
tions mippbed  by  the  United  States  Weather  Bureau.  Whatever  additional  marine  observations 
may  be  possible  must  be  left  to  the  commander's  discretion. 

9.  Reduction  of  obBervaUoni. — The  endeavor  should  be,  in  g^iml,  to  keep  computations  up  to 
date,  thou^  they  should  not  be  aUowed  to  interfere  with  the  time  for  observations.  No  attempt 
is  to  be  made  to  detennine  and  apply  predse  corrections,  the  scheme  of  work  in  fact  being  now 
arranged  so  as  to  avoid  the  necessity  of  applying  such  corrections,  as,  e.  y.,  position  corrections.  All 
corrections  to  be  i^pplied,  whether  for  position  or  for  reduction  to  standard,  now  solely  affect  the  A 
coefficient  of  any  element  invdved,  and  will  not  affect  the  harmonic  coefficients  fi,  C,  D,  and  E. 
The  analysis  will  invariably  be  made  without  A,  and  the  final  determioation  of  A  left  to  the  Office. 
It  will  be  best  accordin^y,  at  present,  not  to  apply  any  corrections  of  the  nature  mentioned. 

10.  Becordi  of  dboenatUme. — ^Ilie  original  records  are  to  be  ptompiXY  forwarded,  by  registered 
mail,  at  each  port  of  caU,  and  not  be  allowed  to  accumulate  any  more  than  necessary.  Even  if  the 
computations  are  not  complete,  it  will  be  preferable  to  transmit  the  records.  Abstracts  should  be 
made  of  the  essential  quantities  to  guard  against  loss  of  work  in  transmission  to  the  Office,  and  for 
use  aboard  ship.  Thm  will  thus  be  afforded  the  Office  opportunity  to  detomine  whetiier  any 
revisions  in  directions  are  necessary. 

11.  Shore  dbeenoHone. — ^Descriptions  of  stations  and  directions  are  embodied  in  a  separate 
communication. 

From  Iksteuctions  of  Fsbbuabt  10,  1906,  Rbqabdino  Land  Magnstic  Obskbvations, 

TO  W.  J.  Pbtbrs. 

1.  The  land  observations  will  in  general  be  made  principally  with  the  Coast  and  Geodetic  Survey 
magnetometer  36,  sea  dip-drele  35,  land  dip-drele  178,  and  sea  deflector  1  mounted  on  Negus  com- 
pass, using  magnets  45  and  NL.  The  obs^ations  should  be  arranged  so  as  to  vary  the  corrections 
for  diurnal  variation  and  to  reduce  the  effect  from  possible  magnetic  storms  as  much  as  possible  by 
distributing  the  observations  over  two  or  more  days  (if  there  be  opportunity),  rather  than  increasing 
the  number  on  one  day.  They  are  also  to  be  arranged  so  as  to  secure  as  good  comparisons  as  pos- 
sible of  the  instruments.  The  results  are  to  be  completely  reduced  before  the  vessel  leaves,  in  order 
to  afford  opportunity  for  repetition,  or  to  ascertain  the  cause  of  any  observed  discrepancy  in  the 
constants  or  results.  The  importance  oi  the  land  woric  in  the  determination  of  the  final  corrections 
and  constants  for  the  ship  work  must  not  be  overlooked. 

2.  When  the  Negus  compass  is  mounted  on  land,  declination  observations  should  be  made, 
preferably  both  by  direct  reading  of  asimuth  mark  and  by  sun-asimuths,  so  as  to  test  the  azimuth 
devices  used  on  board  ship.  Adjustments  should  not  be  disturbed,  however,  unless  there  be  good 
reasons;  in  the  latter  case,  full  record  must  be  made.  The  same  statement  applies  to  the  testing  of 
the  Ritchie  standard  compass  and  asimuth  arrangements,  and  when  determining  the  intensity  con- 
stant for  the  asimuth  circle  used  in  connection  with  any  deflector  observations  that  may  have  been 
made.  So  likewise,  if  the  Kelvin  compass  has  been  used  for  occasionally  getting  vibrations  and 
declinations,  certain  shore  observations  will  be  desirable.  These  matters  must  be  largely  left  to  the 
commander's  discretion,  as  they  depend  upon  the  precise  circumstances  involved.  Shore  observa- 
tions and  intercomparisons  or  tests  of  instruments  may  at  times  be  facilitated  by  establishing  a 
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•aeood  statum  in  the  yioimtjr  of  the  primary  one,  say  not  less  than  30  feet  away,  and  placed  in  the 
direetion  of  one  of  the  asimuth  marks,  asimuth  of  which  has  been  or  can  readily  be  determined  by 
angular  measurements.  It  will  thus  be  possible  for  two  persons  to  observe  at  the  same  time;  by 
exchanging  stations,  data  will  be  obtained  for  reducing  the  respective  observations  to  the  same 
station* 

3.  The  principal  tests  of  the  instruments  will  be  made  at  the  German  Meteorological  and  Mag- 
netic Observatory,  Apia,  Samoa,  at  the  Tokio  Central  Meteorological  and  Magnetic  Observatory, 
abo  possibly  at  Sitka  Magnetic  Observatory.  By  conference  with  the  respective  directors,  you  will 
be  able  to  decide  mutually  on  the  precise  manner  in  which  the  desired  tests  and  interoomparisons 
are  to  be  made.  At  these,  as  also  at  other  stations^  opportunity  will  be  afforded  for  the  rating  of 
ehitmometers,  and  for  the  requisite  standardising  of  any  of  your  meteorological  instruments. 

4.  There  are  indoeed  23  sheets  giving  information  regarding  previous  stations  and  observations 
at  p<Mnts  along  a  portion  of  the  route  of  the  coming  cruise.  No  definite  instructions  can  be  given  as 
to  idiich  of  these  stations  it  will  be  feasible  to  occupy,  and  this  matter  will  have  to  be  left  to  the 
commander's  judgment.    *    *    ^ 

CRUISE  III  OF  THE  GALILEE.  1906-1906. 

W.  J.  PSTBBS  m  COMICAND. 

From  Route  Instructions  of  November  22,  1906,  to  W.  J.  Peters,  Washinqton,  D.  C. 

L  As  soon  as  possible  after  December  1  next,  you  will  please  carry  out  the  following  cruise: 
San  Diego,  California,  by  direct  course  to  Nukuhiva  (Marquesas  Islands),  thence  to  Tahiti,  next 
to  Apia,  from  which  port  shape  a  course  for  Yap,  intermediate  between  that  of  second  cruise  and 
Solomon  Ishmds.    From  Yap,  proceed  to  Shanghu  by  direct  course,  thence  to  Hongkong. 

[From  Shanghai  the  Galilee  proceeded  to  Sitka.  Head-winds  prevented  making  Midway  with- 
out considerable  loss  of  time.  Near  the  one  hundred  and  eightieth  meridian  the  course  was  shi4)ed 
t€ff  Sitka  on  account  of  the  approaching  end  of  the  season.  Declinations  were  possible  only  on  8  da3rs 
between  Shanghai  and  Sitka,  owing  to  continued  cloudy  weather.  The  route  from  Stka,  according 
to  supplem^itary  instructions  of  August  3,  1907,  prepared  at  Sitka,  is  sufficientiy  indicated  by  the 
ports  of  call — ^Honolulu,  Jaluit,  Christchurch,  Callao,  San  Francisco.    See  also  abstracts  of  logs.] 

DntBCTXONS  OF  NovEifBER  30,  1906,  FOR  Swing  Observations,  to  W.  J.  Peters,  San  Dxbqo. 

1.  When  everything  is  finally  in  place  on  board  as  at  sea,  swing  ship  on  8  equidistant  points 
(both  hehns)  shortiy  before  leaving  San  Diego,  observing  as  follows: 

A.  Declination  observations  with  the  new  Ritchie  compass  29400  (R3C)  and  new  asimuth 
circle  481,  using  both  prism  and  alidade,  and  observing  preferably  on  the  Sun. 

B.  Horisontal  intensitv  observations  with  sea  deflector  1,  using  magnet  45,  short  distance, 
letters  up  on  first  helm,  and  same  magnet,  letters  down,  on  other  helm.  (From  these  observa- 
tions are  secured  likewise,  as  before,  tne  dedination  deviations  for  the  Negus  compass.) 

C  Inclination  and  total  intensity  with  sea  dip-circle  35.  On  first  helm  throi^out,  loaded- 
dip  observations,  complete  set  on  each  point  as  heretcrfore;  on  the  other  hefan,  deflectimi  ob- 
servations, long  distance,  face  of  suspended  needle  "direct''  throu^out,  and  set  complete  on 
each  point  same  as  hitherto.  [Supplemented  December  10, 1906,  as  follows:  In  swings,  alter- 
nate dip  circles  35  and  169,  t.  6.,  if  for  one  swin^  No.  35  has  been  used  then  for  next  swing  use 
No.  169.    In  both  cases,  however,  make  deflections  only  with  long  distance.) 

D.  Should  there  be  opportunity  during  the  swing,  it  would  be  very  desirable  for  someone  to 
try  observing  the  time  of  vibration  of  the  new  Kehnji  card  No.  8127  on  as  many  headingsas 
possible.    (It  is  desired  on  this  cruise  to  ascertain  definitely  whether  vibrations  are  feasible.) 

2.  All  other  swings,  whether  in  port  or  at  sea,  will  be  precisely  the  same  as  the  San  Diego  ones, 
exoepting  as  pertains  to  C,  first  part,  vis,  if  loaded-dip  observations  were  secured  on  first  hdm,  then 
for  next  hehn  make,  instead,  regular-dip  observations  with  the  best  dip  needle  on  hand,  keeping  same 
polarity  throughout.  Furthermore,  hehns  should  be  alternated;  thus,  if  on  portJidm  swing  the 
observations  consisted  of  loaded  dip  (or  regular  dip),  and  on  starboard-hebn  swing  deflections  were 
made,  then  next  time  make  the  latter  observations  on  port^ehn  swing,  and  the  former  on  starboard- 
helm  swing,  etc 


126  OcBAN  Maonbtic  Observations,  190&-16 

3.  The  liability  to  changes  in  ship  deviations  dependent  upon  length  of  time  on  ooime  pursued 
or  on  direction  of  vessel  while  in  harbor,  or  upon  conditions  of  sea  and  weather,  etc.,  diould  be  borne 
in  mind.  Hence  swings  should  be  secured  at  sea  as  soon  as  possible  after  leaving,  or  before  entering 
a  harbor,  and  the  harbor  swing  be  made  inmiediately  upcm  arrival. 

4.  The  San  Diego  observations  should  be  mailed  before  departure. 

5.  The  sea  swings  will  be  obtained  as  often  as  conditions  of  sea,  weather,  and  time  permit. 

6.  Satisfactory  swings  in  one  port  at  least  (if  possible  two  ports)  in  the  Southern  Magnetic 
Hemisphere  are  required. 

DiRBCTIONS  OF  NoVSMBER  30,  1906,  FOR  CoURSE  OBSERVATIONS,  TO  W.  J.  PbTBRS,  SaN  DiBGO. 

1.  The  course  observations  will  in  general  be  made  as  on  previous  cruise,  endeavoring,  if 
possible,  to  obtain  the  three  magnetic  elements  (declination,  dip,  and  intensity)  for  the  same 
geographical  position. 

A.  Declinations  will  be  obtained  as  frequently  as  possible  with  both  Ritchie  compass  and 
Negus  compass,  laying  principal  stress,  however,  upon  the  former  instrument.  Declinations 
with  the  Kelvin  compass  are  optional;  it  will  not  be  amiss,  however,  to  experiment  further  with 
the  various  azimuth  devices  employed  with  this  instruinent.  As  indicated  under  "Swing  direc- 
tions" (ID),  it  is  especially  desired  to  tiy  this  compass  for  vibration  observations.  (If  such 
experiments  have  been  made,  corresponding  shore  observations  are  required  for  determination 
of  intensity  constant.) 

B.  The  sea-deflector  work,  simultaneous  with  the  sea-dip-cirde  observations,  will  consist 
of  horisontal-intensity  observations,  using  both  magnets  45  and  NL  (only  short  distance  in  eadi 
case),  letters  up  and  down,  same  as  hitherto.  (\^en  observations  are  possible  with  only  (me 
magnet,  use  45). 

C.  The  sea-dip-cirde  work  will  consist,  as  heretofore,  of  total-intensity  observations  made 
between  the  regular-dip  observations.  Oiily  one  deflecting  distance  will  be  used  throughout, 
observing,  however,  each  time  with  both  face  ''direct''  and  "reversed"  of  suspended  needle. 
For  the  region  in  which  the  dip  is  above  ^,  alternate  long  and  short  distance  will  be  used, 
whereas  for  region  below  40^  only  long  distance.  [Supplemented  on  Dec.  10, 1906,  as  follows: 
Alternate  dip  circles  35  and  1 69,  t .  e. ,  if  35  was  used  at  one  place  of  observation,  then  use  No.  169 
the  next  time.  In  case  of  No.  169,  however,  observe  deflections  with  both  distances,  each  time 
whenever  possible.  For  symmetry  of  the  work,  it  would  therefore  be  desirable  to  make  a  double 
set  of  deflections  with  No.  35  for  the  single  distance  used.] 

D.  Miscellaneous  obsOTvations,  astronomical,  meteorological,  etc.,  to  be  made  as  oppor- 
tunity affords. 

2.  While  it  will  be  best  that  each  observer  have  his  own  particular  instrument  throughout  the 
cruise,  it  is  desired,  however,  that  each  one  familiarise  himself  sufficiently  with  the  instruments  and 
work  of  the  others,  so  that,  if  suddenly  called  upon,  he  may  be  able  to  perform  another's  duties. 
Observers  must  bear  in  mind  that  for  successful  office  reductions  notes  can  not  be  too  full. 

Directions  of  November  30,  1906,  for  Land  Observations,  to  W.  J.  Peters,  San  Diego. 

1.  Besides  the  observations  with  magnetometer  and  land  dip-circle,  dips  and  total-intensity 
observations  are  required,  in  each  instance,  with  the  sea  dip-circle.  Deflections,  both  distances,  will 
be  made  at  San  Diego,  Tahiti,  Zikawei,  Honolulu,  Dutch  Harbor,  Sitka,  and  again  at  San  Diego; 
at  the  other  ports  only  long  distance  will  be  used.  [Supplemented  on  December  10, 1906,  as  follows: 
On  land,  both  sea  dip-circles  35  and  169  will  be  used.  Where  in  the  case  of  No.  35  only  one  deflection 
distance  is  prescribed,  invariably  make  a  double  set.  With  No.  169,  deflections  will  always  be  made 
with  both  distances  until  otherwise  instructed.  With  No.  35  both  deflection  distances  are  to  be 
used  at  San  Diego,  Tahiti,  Zikawei,  Honolulu,  Dutch  Harbor,  Sitka,  and  San  Diego,  whereas  with 
magnetometer  1  both  deflection  distances  are  to  be  used  at  Tokio,  Honolulu,  Dutch  Harbor,  Sitka, 
and  San  Diego.] 

2.  Make  necessary  shore  observations  Gubber-line  on  8  points)  for  testing  compasses  and  arimuth 
devices  used  in  declination  work.  (When  theodolite-azimuth  method  is  used,  as  on  previous  cruise, 
all  time  data  required  for  likewise  computing  asimuths  should  be  given  without  fail.) 
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3.  Make  sea-deflector  observations  for  determining  intensity  constants  (lubber-line  on  8  points). 

4.  Eq)eeial  care  should  be  taken  with  the  shore  observations,  varying  the  conditions  as  far  as 
feasible,  making  them  in  sufficient  number  to  insure  good  determinations,  and  distributing  them  so 
as  to  eliminate,  as  far  as  possible,  diurnal-variation  corrections.  When  it  is  necessary  to  occupy 
two  stations,  some  tests  should  be  made  to  insure  that  there  is  no  appreciable  di£ference  in  the 
values  of  the  magnetic  elements  at  the  two  stations.  Full  descriptions  of  land  stations  must  be 
given.  Even  if  an  old  station  is  reoccupied  some  statement  should  be  made  as  to  surroundings,  ete. 
Notes  as  to  geological  formation  are  specially  desired.  Observers  should  remember  that  the  office 
computer  has  no  knowledge  as  to  the  conditions  under  which  observations  were  made.  When 
interoomparisons  are  made  with  other  instruments,  full  record  should  be  made  as  to  methods  used 
and  of  instrumento  compared  with.  In  intercomparisons  with  observatory  instrumente,  stetions 
should  likewise  be  exchanged,  unless  the  local  observer  deems  the  exchange  unnecessary. 

5.  Prime  attention  should  be  paid  to  the  official  photographic  views  of  stations,  instrumente, 
observing  party,  foreign  observatories,  ete.,  for  use  in  illustrations  for  the  published  reporto. 

6.  When  necessary  to  observe  dip  or  intensity  out  of  meridian,  make  the  observations,  whenever 
possible,  in  magnetic  asimuth:  a  "■  ^  45^.    The  same  remark  applies  to  sea  observations. 

From  Directions  of  August  5,  1907,  to  W.  J.  Peters,  SrrKA,  Alaska. 

In  the  future  ocean  and  land  magnetic  work,  the  f oUowing  decisions  are  to  be  observed : 

a.  The  determination  of  constante  for  sea  dip-circles  169  and  189  should  also  include  2  seto  of 
regular-dip  observations  with  the  suspended  needle  used  in  deflections,  but  not  reversing  polarity. 

6.  The  vibration  observations  with  the  Kelvin  card  may  be  discontinued.  [These  observations 
had  been  extended  over  a  period  long  enough  to  show  that  the  vibration  method  of  obteining  inten- 
sity, with  the  present  appliance,  would  not  be  satisfiM^tory.] 

c  In  order  to  fadlitete  swings,  the  deflector  observations  may  be  reduced  to  2  sete,  instead  of  4, 
as  hitherto,  on  each  heading.  On  the  first-helm  swing,  one  deflector  magnet  will  be  used  throughout 
and  in  the  other-helm  swing  the  second  magnet  will  be  used.  Should  experience  show  that  this 
reducticm  in  the  number  of  sete  is  not  advantageous,  you  are  at  Uberty  to  increase  the  number. 
Furthermore,  if  there  are  cases  in  which  it  is  more  advantageous  to  make  a  swing  first  for  declination 
deviations  alone,  and  thereafter  for  the  other  elemente,  you  are  authorised  to  do  so. 

d.  The  sea-deflector  observations  on  course  will  require  special  attention.  Both  lubber-lines 
win  invariably  be  read.  The  same  method  as  employed  at  Sitka  will  be  used.  In  order  to  vary  the 
conditions  somewhat,  make  sete  as  follows: 

(1)  ''A"  cl  asimuth-drde  bows  towards  observer. 

(2)  "B" 

(3)  "A" 

(4)  "B" 

Similariy  4  sete  with  the  other  magnete. 

e.  Whenever  there  is  choice  as  to  sea  dip-circle,  give  preference  to  189. 

/.  At  Hcmolulu,  obtain  the  intensity  constante  for  the  two  sea  dip-circles  for  as  great  a  range  of 
temperature  as  may  be  possible.  For  sea  deflector  2  (D2),  after  the  observations  have  been  made  on 
8  pointo  for  both  magnete,  then  make  them  on  the  intermediate  8  pointe  at  a  temperature  differing  as 
widely  from  the  first  set  as  conditions  permit. 

From  Instructions  of  Mat  2,  1908,  to  W.  J.  Pstbrs,  San  Francisco. 

1.  Upon  arrival  at  San  Francisco,  you  will  carry  out  all  observations  in  connection  with  the 
swings  of  vessel  which  may  be  necessary  for  the  satisfactory  and  complete  reduction  of  the  ship 
observations.  Before  making  any  alterations  of  vessel,  please  wire  your  opinion  as  to  the  satis- 
faeU»7  outcome  of  observations.  It  will  be  highly  desirable  to  make  complete  swings  on  at  least 
two  days  for  all  elemente.    You  will  be  informed  later  whether  to  proceed  with  alterations. 

2.  The  principal  land-stetion  for  the  testing  of  instrumente  wSl  be  Goat  Island,  as  in  1905. 
ObssrvatiOiiB  at  this  point  should  extend  over  at  least  2  days  to  secure  a  satisfactory  determina- 
tion of  secular  diange.    San  Rafael  is  likewise  to  be  occupied  on  2  days.     *    ^    ^ 
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EXTRACTS  FROM  FIELD  REPORTS  AND  ABSTRACTS  OF  LOGS 

OF  THE  GALILEE 

The  following  extracts  from  field  reports  made  to  the  Director  at  the  end  of 
each  cruise  by  the  respective  commanders  of  vessel  will  serve  not  only  to  supple- 
ment what  has  already  been  given,  more  or  less  briefly,  on  pages  8  to  14,  but  will 
also  be  found  to  contain  most  interesting  and  valuable  information  as  to  the  con- 
ditions encountered,  the  work  done,  and  the  manner  in  which  a  cruise  was  accom- 
plished. 

EXTRACTS  FROM  HELD  REPORTS. 

J.  F.  Pratt:  Ai/tbrattons  of  ths  Gaulbs,  and  hbr  First  Cruibs. 

1.  Beginning  at  San  Diego,  Cal.,  the  scientific  personnel  of  the  ocean  party  in  my  charge  was  as 
follows:  J.  F.  Pratt,  in  command;  Dr.  Hobart  Egbert,  surgeon  and  observer;  J.  P.  Ault,  observer, 
and  P.  C.  Whitney,  observer  and  watch  officer.  [The  Director,  Dr.  L.  A.  Bauer,  accompanied  the 
vessel  on  the  experimental  portion  of  the  cruise  from  San  Frandsoo  to  San  Diego,  during  which  he 
supervised  the  arrangements  for  the  scientific  work,  completed  the  training  of  the  observers  in  the 
magnetic  woric,  tried  out  and  devised  the  methods  of  observation,  and  decided  on  the  final  prograpi 
of  work.  Under  his  direction,  also,  Messers.  Egbert  and  Ault  made  the  required  observations  in  the 
vicinity  of  San  Francisco  for  determining  the  magnetic  elements  at  the  locality  sdected  for  swinging 
ship,  and  for  the  determination  of  magnetic  constants  of  the  various  instruments  and  of  the  vessel.] 

2.  My  entire  connection  with  the  Department  of  Terrestrial  Magnetism  of  the  Carnegie  Insti- 
tution of  Washington  was  as  follows:  Between  April  16  and  June  3, 1905,  my  services  were  of  an 
advisory  nature,  relating  to  weather  conditions  for  the  forthcoming  cruise,  the  questions  of  stability, 
construction  of  ordinarily  composition-fastened  vessels,  with  special  reference  to  the  amount  of 
iron  in  their  hulls,  suitable  rig,  reconstruction  of  quarters,  and  the  reconunendation  of  the  use  of  a 
specially  constructed  flying  bridge.  Between  June  4  and  December  17, 1905,  at  the  request  of  the 
President  of  the  Carnegie  Institution  of  Washington  and  by  permission  of  the  Honorable  the  Secre- 
tary of  the  Department  of  Commerce  and  Labor,  I  was  on  leave  of  absence,  without  pay,  from  the 
Coast  and  Geodetic  Survey,  and  on  annual  leave  granted  by  the  Department  of  Commerce  and 
Labor  from  December  18  to  22, 1905,  being  under  pay  from  the  Cam^e  Institution  of  Washington 
from  June  4  to  December  22, 1905.  Between  December  23, 1905,  and  February  8, 1906,  my  services 
were  gratuitous;  they  consisted  in  conferring  with  the  owners  of  the  vessel  regarding  the  changes 
mentioned  in  paragraph  32,  in  acquainting  my  successor  (W.  J.  Peters)  with  the  condition  and 
necessities  of  the  vessel,  etc.  Between  February  9  and  28,  1906,  I  was  again  on  leave  of  absence, 
without  pay,  from  the  Coast  and  Geodetic  Survey,  and  under  pay  from  the  Carnegie  Institution  of 
Washington. 

3.  On  June  6,  1905,  just  after  my  arrival  in  San  Francisco  from  Seattle,  Washington,  a  confer- 
ence was  held  with  the  owners  ot  the  QidHee^  and  an  understanding  arrived  at  as  to  the  oontem^dated 
changes  and  the  manner  in  detail  of  carrying  them  out. 

4.  The  Galilee  is  a  brigantine,  her  custcmi-house  register  being  354  gross  and  328  net  tons;  length 
132.5  feet,  breadth  33.5  feet,  depth  12.7  feet;  crew  8;  built  in  1891  at  Benida,  California.  Her 
general  dimensions  are  approximately  as  follows: 

Length  over  all,  extreme 189 

Length  over  all,  of  hull 140 

Length  on  water  line  as  ballasted  for  oruise 128 

Overhang,  forward 3.5 

Overhang,  aft 8.6 

Breadth,  extreme 32.5 

The  sails  used  during  the  present  cruise  consisted  of  the  following:  foresail,  lower  foretopsail, 
upper  foretopsail,  fore  topgallantsail,  fore  royal,  jib,  fljring  jib,  outer  jib,  middle  mainstaysail, 
leg-of-mutton  mainsail,  ringtail  maintopsail,  and  fore  balloon-studding-sails;  the  combined  area  of 
the  foregoing  being  approximately  10,952  square  feet. 
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Draft,  extreme  as  ballasted  for  omise 10 

Fkeeboard  bow 13 

Freeboard  stem 10 

Least  freeboard,  including  bulwark  as  ballasted 8.5 

Height  of  fore  truek  above  water  line 120 

of  main  truck  above  water  line 121 
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6.  Tliis  Tend  tuts  the  reputation  of  being  one  out  of  three  of  the  smartest  small  sailing-Teasels 
on  the  Padfio  Coast  of  the  United  States,  her  greatest  record  being  308  mUes  in  24  hours  with  full 
cugo.  It  will  be  observed  that  the  length  of  her  masts  is  practically  her  water-line  length.  Owing 
to  tiw  great  proportionate  beam,  1  to  about  4,  and  large,  very  flat  floors,  she  is  unusually  stiff;  hw 
fines  are  not  patlacularly  easy,  her  speed  and  capacity  to  carry  on  sail  being  greatly  due  to  the  large 
dead  rise,  1  to  about  3,  combined  with  great  stability  and  comparatively  light  draft.  The  hull  and 
span  are  constructed  of  Douglas  fir.  The  OalHee  is  a  compoeition-fsstened  vessel,  t.e.,  the  outside 
planks  are  fastened  with  composition  (a  grade  of  brass)  spikes.    The  frames  are  ''sawed  out,"  an 
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I,  being  about  12  inches  by  12  inches  and  spaced,  from  center  to  center,  28  inches;  the  deck 
liramn  are  about  10  inches  by  12  inches  and  spaced  about  4  feet.  The  broken  lines  in  Figure  4  show  the 
distiibation  of  iron  fastenings  in  frames,  hanging  knees,  and  deck  beams;  the  bosom  and  lodging 
knees  together  contain  about  the  same  quantity  of  round  iron  fastenings  as  the  hanging  knees. 
Hm  double  broken  lines  include  round  iron  fastenings,  while  the  single  ones  indicate  iron  spikes. 
Tlw  round  iron  fastenings  vary  in  slie  from  f4nch  in  the  bulwark  caps  to  l^-inches  in  the  keelsons 
and  sister  keelsons,  those  in  the  thick  strakes  of  the  ceiling  and  hanging  knees  being  about  1  inch; 
the  spikes  are  Hneb  and  f-inch  square  in  crosa-eection,  varying  in  length  from  7  to  10  inches. 

6.  The  OolSM't  standing  rigging  was  composed  of  the  customary  galvaniied-iron  wire  n^, 
wbidt  had  to  be  lemoved  and  hemp  substituted;  as  hemp  standing  rigging  has  beocHne  obsolete, 
Moept  lor  TflHsls  used  in  Arctic  repons,  suffioent  hemp  (^  the  Tsrioua  naei  reqnirad  ooold  aot  be 
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obtained  on  the  Pacific  Coast.  In  consequence  a  blue-print  plan  of  the  original  rigging  was  famished, 
at  the  instance  of  the  Director  of  the  Department,  to  a  firm  in  Philadelphia,  Pennsylvania,  which 
supplied  the  requisite  material,  shipping  it  as  fast  freight  to  San  Francisco.  During  the  period  of 
transit  of  the  hemp  rigging,  a  competitive  award  was  made  with  a  firm  of  riggers  to  strip  the  vessel 
of  the  old  wire,  and  to  fit  and  set  the  new  gang  of  hemp,  all  of  which  was  accomplished,  inspected, 
and  accepted  by  July  17, 1905. 

7.  The  officers'  quarters  of  the  ship  consisted  of  a  very  lAnall  cabin  and  3  adjacent  staterooms, 
which  accommodated  the  sailing-master  and  the  two  mates  only.  As  it  was  necessary  to  have  addi- 
tional room  for  the  scientific  personnel,  the  necessary  quarters  were  provided  by  designing  and 
constructing  an  additional  house  forward  of  and  against  the  old  one.  Although  separated  from  the 
old  cabin  by  a  solid  bulkhead,  the  new  deck-house  appeared  as  a  continuation  of  the  original  house, 
it  being  of  the  same  width  and  length.  This  addition  was  approximately  20  by  22  feet  outside 
measure,  and  contained  a  combined  working,  dining,  and  living  room,  with  3  staterooms  opening  off 
on  the  starboard  side,  and  a  transom  and  small  pantry  on  the  port.  It  was  originally  intended  that 
the  scientific  party  should  consist  of  commander  of  vessel  and  2  observers;  hence  the  3  single  state- 
rooms were  deemed  sufficient.  However,  a  few  days  before  sailing,  it  was  decided  that  an  additional 
observer  was  necessary,  but,  as  there  was  insufficient  time  to  construct  an  additional  stateroom,  he 
was  obliged  to  sleep  on  the  transom  throughout  the  cruise.  The  furnishings,  selected  and  procured 
for  these  quarters,  consisted  of  linoleum  for  the  deck,  a  small  floor  rug  for  each  of  the  staterooms,  2 
pairs  of  blankets  for  each  person,  crockery,  glass,  plated  ware,  and  cooking  utensils  sufficient  for  ihe 
number  of  persons,  and  table  and  bed  linen  in  sufficient  quantities  to  last  with  care  for  periods  of  6 
or  8  weeks. 

8.  The  fresh-water  tanks  had  been  carried  on  the  main  deck  in  front  of  and  againeft  the  after 
house;  before  commencing  the  construction  of  the  new  house,  they  were  moved  to  the  forward  portion 
of  the  hold.  In  addition  to  the  old  ones,  the  owners  added  more  tanks,  stowing  them  in  the  same 
locality,  so  as  to  nearly  double  the  fresh-water  storage  capacity  of  the  vessel. 

9.  The  after  portion  of  the  forward  deck-house  contained  a  donkey  engine  for  hoisting,  and  a 
boiler;  these  with  all  their  fittings  and  fastenings  were  taken  out  and  put  ashore,  the  space  occupied  by 
them  being  fitted  up  as  a  forecastle.  As  the  galley,  being  6  feet  by  9.6  feet  and  containing  a  cooking 
range  with  a  small  cook's  bench,  was  too  small  for  2  men  to  work  in  at  a  time,  the  original  fore- 
castle was  fitted  for  and  used  as  a  store  room  and  a  steward's  working  pantry. 

10.  The  elevated  flying  bridge,  alluded  to  in  paragraph  2,  was  constructed  entirely  of  wood, 
with  brass  and  copper  fastenings,  the  deck  of  the  bridge  being  6  feet  1  inch  by  31  feet  8  inches,  and 
12  feet  1  inch  above  the  main  deck.  It  was  so  designed  that  the  instruments  mounted  on  their 
respective  stands  and  binnacles  would  be  between  15  and  16  feet  above  the  main  deck,  and  at  least 
12  feet  above  the  horizon  of  the  windward  waterway  when  the  vessel  was  heeling  10®.  The  bridge 
was  supported  by  3  sets  of  trestles,  proportioned  so  that  their  tops  were  of  the  same  width  as 
the  bridge,  and  spread  so  that  their  bases  were  about  10  feet  8  inches;  2  sets  of  these  supports 
were  bolted  with  brass  to  the  main  deck,  and  the  third  of  the  same  proportion  was  bolted  to  the  top 
of  the  forward  house.  The  deck  sills  (corresponding  to  mud  sills)  were  about  8  inches  by  8  inches; 
the  supports  were  6  inches  by  6  inches;  and  were  carefully  braced  in  both  fore-and-aft  and  athwart- 
ships  directions.  The  sills  of  the  bridge  proper  were  4  inches  by  8  inches,  and  the  hand-rails  were  3 
feet  high;  the  bridge  was  reached  by  a  companion  ladder  leading  up  through  a  trap-door  in  its  after 
end,  and  also  by  one  leading  from  the  forward  end  down  to  the  roof  of  the  forward  house.  (PI.  1, 
Fig.  3.) 

11.  The  final  completion  of  the  flying  bridge  was  postponed  imtil  the  arrival  of  the  instruments 
from  Washington;  on  their  receipt  it  was  soon  completed,  and  the  instruments  were  spaced  and 
arranged  in  accordance  with  the  Director's  instructions. 

12.  The  Galilee's  crew,  according  to  the  charter-party,  consisted  of  2  mates,  6  seamen,  a  ship's 
cook,  and  a  steward  for  the  separate  mess  of  the  scientific  party.  These  10  men,  together  with  the 
sailing-master,  were  furnished  by  the  vessel  owners,  subject  to  the  approval  of  the  commander  of 
the  vessel. 

13.  By  August  1, 1905,  the  stores  for  the  cruise  were  stowed  aboard,  and  the  instruments  on  the 
bridge  were  carefully  adjusted  and  alined.  On  August  2,  3,  and  4  the  vessel  was  swung,  under  the 
Director's  instructions  and  supervision,  in  the  channelway  between  Goat  Island  and  the  Berkeley 
water-front,  San  Francisco  Bay.    The  swings  were  made  with  the  OaUlee  in  tow,  astern  of  a  tug, 
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fint  on  an  even  keel  with  both  helms,  and  then  with  both  helms  heeled  to  port  and  starboard,  suo- 
eeasivelyy  as  much  as  could  be  accomplished  with  the  weight  of  two  heavy  boomnsticks  hoisted  out  of 
wmler,  first  on  one  side  and  then  on  the  other.  The  vessel  was  so  stiff  that  the  weight,  which  was  all 
that  could  be  handled  with  the  available  purchase,  listed  very  much  less  than  anticipated. 

14.  On  August  5, 1905,  at  2  p.  m.,  the  Galilee  was  towed  out  of  San  Francisco  Harbor,  and  just 
outside  the  heads  we  set  sail  for  San  Diego,  California.  By  standing  offshore  about  200  miles,  it 
was  h(q)ed  that  we  would  be  beyond  the  foggy  and  overcast  influence  of  the  northwest  trades  on  the 
coast,  but  such  was  not  the  case.  We  then  headed  inshore  toward  Point  Conception  for  a  possible 
change  for  the  better  in  the  vicinity  of  Santa  Barbara  Island,  but  with  ill  success.  It  was  not  until 
tlie  afternoon  of  the  10th,  when  northeast  of  San  Clemente  Island,  that  the  Sun  shone,  and  the  ship 
was  swung  under  sail  for  the  first  time.  At  4*'  30°^  p.  m.  August  11,  we  anchored  at  the  entrance  of 
San  Diego  Bay,  6  days  from  San  Francisco,  and  signaled  for  a  tug  to  tow  us  in,  but  could  not  get  one 
until  the  afternoon  of  the  following  day;  so  we  did  not  come  alongside  the  dock  in  San  Di^o  Harbor 
until  4^  30*  p.  m.  August  12,  1905.  Dtuing  this  experimental  cruise  from  August  6  to  12  the  new 
hemp  rigging  had  to  be  temporarily  set  up  at  sea,  and  at  San  Diego  it  all  had  to  be  systematically 
and  carefully  set  up,  and  some  of  it  had  to  be  turned  in  and  reserved. 

15.  Between  August  14  and  21,  1905,  magnetic  observations  were  made  at  4  shore  stations  at 
San  Diego  and  vicinity  in  order  to  find  2  stations  having  practically  the  same  declination  and  so 
situated  that  the  ship  could  be  swung  between  them.  On  August  22  and  23  the  ship  was  swung 
at  San  Diego,  between  the  two  selected  shore  magnetic  stations,  one  on  each  side  of  the  channel-way. 

16.  Based  on  shore  experiments  at  San  Diego,  the  distance  was  increased  between  the  standard 
compass  29971  and  the  deflecting  compass  31974,  and  the  Kelvin  compass  was  removed  entirely, 
the  sea  dip-circle  remaining  where  it  was  before.  As  seen  from  Figure  2  and  pages  2&-28,  the  3 
instruments  used  on  the  remainder  of  the  cruise  were  10  feet  10  inches  apart,  the  former  distances 
being  thus  increased  by  2.5  feet,  which  was  all  that  the  arrangement  of  the  present  bridge  would 
allow.  After  the  instruments  had  been  carefully  adjusted  and  alined,  so  that  their  lubber-lines 
were  in  the  same  fore-and-aft  plane,  the  ship  was  swung  on  August  24,  1905,  at  San  Diego  in  the 
same  place  and  manner  as  on  the  2  previous  days,  for  determination  of  the  constants  for  the 
new  spacing  of  the  instruments. 

17.  Trouble  had  been  experienced  with  the  ship's  small  liquid  steering  compass  when  swing^g 
under  sail;  this  was  on  account  of  the  small  spacing  of  the  subdivisions  of  the  card,  so  that  the 
hehnHman  could  not  satisfactorily  steady  the  vessel  for  the  desired  heading  on  which  magnetic 
observations  were  to  be  made.  Accordingly,  it  was  necessary  to  replace  the  former  steering  compass 
by  the  available  Kelvin  dry  compass,  with  its  12-inch  card  and  large  graduations. 

18.  On  August  25,  1905,  the  day  after  completion  of  all  swings,  the  union  crew  shipped  in  San 
Francisco  struck;  being  very  troublesome,  they  were  paid  ofif  and  discharged  on  the  following  day. 
The  next  day,  the  27th,  a  new,  indifferent  crew  was  hurriedly  brought  aboard,  and  an  effort  was 
made  to  get  away.  The  tug  was  alongside,  lines  singled  up,  orders  given  to  cast  off,  when  the  crew 
aD  walked  ashore  and  declared  that  they  were  not  willing  to  go.  Apparently  the  available  seamen 
in  San  Diego  were  exhausted,  and  the  owners'  agent  telegraphed  to  San  Pedro  for  men,  but  the  reply 
came  back  that  there  were  none  available  there.  Learning  that  there  were  about  6  men  working  in  a 
brickyard  out  near  La  JoUa,  who  a  few  weeks  previously  had  left  an  Elnglish  ship,  I  immediately  sent 
Ci^tain  Hayes,  the  master  of  the  GalUeey  there,  and  he  succeeded  in  persuading  them  to  ship.  On 
the  following  afternoon,  September  1,  1905,  the  Galilee  was  towed  out  of  San  Diego  Harbor,  and  at 
3^  35*  p.  UL  we  squared  away  for  Honolulu,  taking  our  departure  from  Coronado  Hotel  and  Point 
Loma  Li^thouse.  During  the  first  2  days  out  the  wind  was  not  fair  and  we  sagged  off  to  the  south- 
west, but  after  that  the  course  was  practically  a  great  circle  to  Honolulu,  which  was  reached  on  the 
morning  of  September  16,  making  a  distance  of  2,331  nautical  miles  in  less  than  15  days. 

19.  During  the  first  portion  of  the  voyage  the  weather  was  unfavorable  for  magnetic  work,  very 
showery  and  overcast,  and  two  of  the  observers  were  sick.  Conditions  were  such  that  the  ship 
could  be  swung  on  but  2  days,  and  observations  could  be  made  on  course  on  7  da3rs.  During  this 
passage  most  of  the  rigging  had  to  be  set  up  twice,  and  many  of  the  lighter  and  longer  stays  three 
times. 

20.  While  at  Honolulu  all  the  instruments  were  taken  to  the  Coast  and  Geodetic  Survey 
maxnetic  observatory  at  Sisal,  and  complete  observations  were  made  there  for  constants.    This  wwk 
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occupied  the  obeervers  from  September  18  to  21,  1905.  The  scientific  party  was  oigaged  in  o&ce 
work,  preparing  the  records  and  computations  for  transmittal  to  Washington,  from  the  22d  to  the 
27th.  During  all  the  time  that  the  vessel  was  at  Honolulu  the  ship  force  was  constantly  engaged  in 
overhauling,  turning  in,  and  setting  up  the  new  standing  rigging.  On  September  28,  1905,  the 
vessel  was  towed  out  of  Honolulu  Harbor  to  and  abreast  the  Hcmolulu  Magnetic  Observatory  at 
Sisal,  where  it  was  swung  with  both  helms,  which  took  until  nightfall,  when  we  proceeded  to  sea. 

izi.  The  cable  company  at  Honolulu  reported  unusually  stormy  weather  at  Midway  Island, 
and  a  schooner  from  the  westward  reported  that  there  was  extremely  heavy  weather  b^ond  Kauai. 
Owing  to  these  reports,  and  the  knowledge  that  all  along  the  windward  side  of  the  chain  extending 
from  Honolulu  to  Midway  heavy  weather  generally  prevails,  it  was  deemed  best  to  go  around  the 
Hawaiian  Islands,  via  the  pass  between  Maui  and  Hawaii,  and  then  go  northwest  from  the  south 
extremity  of  Hawaii  Island,  crossing  the  heavy-weather  belt  once  or  twice  rather  than  to  parallel  it; 
while  in  this  belt,  the  sea  would  be  too  heavy  to  make  magnetic  observations.  The  course  from 
Honolulu  was  set  accordingly,  but  the  light  and  baffling  airs,  coupled  with  unexpected  calms  and  the 
strong  westerly  ciurent  in  that  region,  caused  our  little  sailing-vessel  to  fall  off  so  that  she  could  not 
make  the  schooner  route  from  Honolulu  to  Hilo,  via  Aleuinhana  ChanneL  Whai  about  300  miles  to 
the  southward  of  the  southern  extremity  of  the  island  of  Hawaii,  the  conditions  being  favorable,  I 
decided  to  continue  on  to  Fanning  Island,  make  a  base  station  there,  and  cross  the  chain  to  the 
westward  of  Honolulu  later,  as  the  winds  and  currents  would  now  compel  us  to  do  under  any  div 
cumstances  whatever.  Fanning  Island  was  reached  on  the  afternoon  of  October  10,  the  vessel  being 
out  from  Honolulu  12  days,  and  sailing  and  drifting  1,207  miles.  During  this  passage  the  weather 
conditions  were  such  that  the  ship  was  swung  on  1  day;  on  8  days  observations  were  made  on  course; 
on  2  days  it  was  too  stormy  to  observe;  on  2  days,  during  which  it  rained  a  great  deal,  course  obser- 
vations were  made  between  showers;  on  3  days  the  wind  was  too  light  to  swing  ship,  and  on  7  days 
the  Sun  only  shone  at  intervals  between  showers  and  clouds. 

22.  The  "Pacific  Cable  Board,"  a  governmental  cable,  maintained  by  some  of  the  Pacific 
British  colonies  and  the  home  government,  has  a  cable  station  on  Fanning  Island  and  maint^iins  a 
mooring-buoy  at  the  old  whalers'  anchorage,  in  front  of  the  station.  The  shore  magnetic  station, 
where  all  the  magnetic  observations  and  comparisons  were  made,  is  directly  back  of  the  cable 
station,  between  it  and  the  Central  Lagoon,  and  not  far  from  the  boatnshed  on  the  lagoon.  The 
GalUee  was  swung  both  to  port  and  to  starboard  from  the  mooring-buoy,  utilising  the  prevailing 
wind-and-ocean  current,  and  using  long  shifting  and  veering  lines.  The  stop  at  Fanning  Island 
covered  4  days,  October  10  to  14.  Mr.  Smith,  the  local  manager  of  the  cable  station,  together  witii 
his  corps  of  assistants,  showed  the  party  every  courtesy  possible.  The  landing  at  the  cable  station 
is  on  the  outside  of  the  ringnshap^  island  and  in  the  surf. 

23.  Fanning  Island  is  about  200  miles  from  both  the  geographic  and  the  magnetic  equators. 
Judging  from  weather  conditions  experienced  by  Captain  Hayes  on  several  occasions  between 
Fanning  Island  and  the  Pacific  coast,  it  appeared  that,  under  average  conditions,  we  would  make 
the  passage  back  to  Califomia  in  ample  time.  Accordingly  it  was  decided  to  cross  the  magnetic 
equator  sufficiently  to  get  into  a  region  of  south  dip  of  the  magnetic  needle.  By  noon  of  October  17, 
the  third  day  after  sailing  from  Fanning  Island,  we  had  reached  a  point  about  90  miles  south  of  the 
equator,  where  southerly  dip  of  a  very  appreciable  amount  was  observed,  and  the  vessel's  course 
was  changed  to  the  northward.  Fourteen  days  later,  October  31,  we  crossed  the  chain  of  rocks, 
reefs,  and  islets  that  extends  in  a  west-northwesterly  direction  from  the  Hawaiian  group,  at  a  point 
about  600  miles  to  the  westward  of  Honolulu.  On  November  7, 24  days  after  leaving  Fanning  Island, 
Honolulu  was  reached,  the  distance  sailed  being  2,963  nautical  miles.  During  this  passage  the 
weather  conditions  were  such  that  the  ship  was  swimg  on  3  days;  observations  on  courses  were 
made  on  20  days;  on  1  day  it  was  too  stormy  to  observe;  on  3  days  there  were  calms;  on  6  days  it 
rained  a  great  deal,  but  course  observations  were  made;  and  on  20  days  the  Sun  shone  only  at 
intervals,  either  between  clouds  or  showers.  During  this  passage  all  the  rigging  had  to  be  set  up; 
some  of  it  twice. 

24.  During  the  stay  of  4  days  in  Honolulu,  additional  observations  were  made  at  the  Coast  and 
Geodetic  Survey  magnetic  observatory,  the  vessel  was  painted,  the  rigging  was  set  up,  the  water- 
tanks  were  filled  with  fresh  water,  and  additional  subsistence  stores  were  taken  aboard.  As  bubonic 
plague  was  declared  prevalent  there  at  that  time,  and  as  the  vessel  went  alongside  the  naval  dock  for 
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wmter  and  supplies,  she  was  taken  alongside  the  quarantine  wharf  on  the  last  day  of  our  stay,  in 
Older  to  obtain  a  dean  bill  of  health  and  to  be  thoroughly  fiunigated  with  sulphur. 

25.  On  the  morning  of  November  12,  1905,  the  OalUee  was  towed  out  of  Honolulu  Harbor. 
SafliDg  to  a  point  abreast  of  the  Honolulu  Magnetic  Observatory  at  Sisal,  we  swung  ship  there,  under 
•afl,  with  both  helms;  at  5^  30*  p.  m.  the  swings  were  completed,  and  we  started  on  a  passage  for  San 
Di^KO,  California.  On  the  second  day  out  the  weather  became  nasty;  by  dark  the  sea  had  increased 
and  by  8  o'clock  it  was  blowing  a  moderate  gale  northeast.  During  the  earlier  portion  of  the  night 
the  jib  blew  away,  then  the  fore  weather-braces  carried  away;  while  taking  in  the  mainsail,  to 
reef  it,  its  spreader  became  unmanageable  and  smashed  a  hole  through  the  deck  of  the  forward 
cabin;  then  the  sheets  of  the  flying  jib  carried  away,  and  the  upper  and  lower  foretopsaU  weather- 
braces  parted.  A  little  later  the  storm  increased  to  a  gale,  and  the  vessel  was  hove  to  under  reefed 
mainsail,  lower  foretopsail,  and  a  storm  forestaysail,  the  vessel  drifting  in  the  meantime  to  the  west- 
ward. The  following  day  a  moderate  northeast  gale  continuing,  with  heavy  seas,  we  hove  to  a 
greater  portion  of  the  day  and  were  now  in  what  is  considered  to  be  the  belt  of  nasty  weather  that 
eontinues  to  the  westward  beyond  Midway  Island.  The  wind  continued  unfavorable  in  direction  for 
13  days  after  leaving  Honolulu,  but  on  November  26,  when  in  the  latitude  of  the  northern  boundary 
of  California,  we  got  a  slant  which  continued,  although  very  light  at  times,  all  the  way  to  San  Diego, 
whore  we  arrived  on  the  night  of  December  9, 1905.  During  this  passage  we  were  out  from  Honolulu 
27  days,  covering  a  distance  of  about  3,430  miles.  If  average  weather  of  the  season  had  been  en- 
oountered,  the  passage  would  probably  have  been  made  in  about  20  or  21  days.  During  this  passage 
we  eaq)erienced  heavier  weather  than  at  any  time  during  the  cruise,  and  we  had  2  days  calm  in  the 
latitude  of  Northern  California;  the  weather  conditions  were  such  that  the  ship  was  swung  on  5  days, 
obeervations  were  made  on  course  on  8  days,  2  days  were  cahn,  and  during  10  days  there  was  heavy 
weather. 

26.  Between  December  11  and  18  the  ship  was  swung  with  both  helms  at  San  Diego,  in  the  same 
place  as  when  we  set  out  from  this  port.  Complete  observations  for  all  the  magnetic  elements  and 
constants  were  made  ashore  at  the  station  selected  and  used  before  sailing  from  San  Diego. 

27.  For  the  summary  of  passages  for  the  cruise,  see  page  143. 

28.  During  the  portion  of  the  cruise  from  San  Diego  back  to  San  Diego,  making  a  circuit  of 
0,S31  nautical  miles,  observations  of  air  and  ocean-surface  temperatures  were  made,  tabulated,  and 
plotted  for  intervals  of  every  4  hours. 

29.  After  arrival  in  San  Diego,  the  alinement  of  the  instruments  was  carefully  tested,  with  the 
leeolt  that  the  vertical  planes  of  their  respective  keel-lines  were  all  found  to  be  parallel. 

30.  Many  obligations  are  due  to  Captain  H.  W.  Lyon,  U.  S.  Navy,  commandant  of  the  naval 
station  at  Honolulu,  who  extended  courtesies  in  many  ways,  including  a  berth  for  the  ChlUee  at  the 
naval  docks  on  both  occasions  of  our  visit  there. 

31.  During  December  15  to  18  the  vessel  and  work  were  inspected  by  the  Director  of  the 
DqMutment,  and  authorization  was  given  for  the  changing  of  the  forward  house,  lengthening  of  the 
flying  bridge,  and  for  other  changes  (see  Instructions,  page  118).  On  December  19,  Dr.  Egbert 
was  relieved  from  duty  on  the  vessel,  and  on  the  following  day  Mr.  Whitney  also  was  relieved,  both  of 
them  returning  to  their  duties  in  the  Coast  and  Geodetic  Survey.  By  December  21  the  property 
returns  had  been  checked  off,  foremen  carpenters  interviewed,  and  arrangements  made  for  the 
proposed  changes  in  the  vessel,  and  on  that  date  I  left  San  Diego  for  San  Francisco,  leaving  the  vessel 
in  charge  of  Observer  Ault. 

32.  After  arriving  in  San  Francisco,  details  of  the  proposed  changes  were  gone  over  by  me  with 
the  managing  owner  of  the  vessel,  and  a  definite  understanding  was  reached.  The  changes  as  later 
made  were  as  follows:  About  8  feet  of  the  after  end  of  the  forward  deck  house  was  cut  off,  i.e.,  as 
far  forward  as  the  after  one  of  the  boat  skids;  the  fore-hatch  coamings  were  trimmed  off;  the  hatch- 
way was  filled  in  and  was  decked  over,  and  a  new  galley,  about  7  feet  by  14  feet,  was  built  over  the 
hatchway ;  the  flying  bridge  was  lengthened  forward  so  as  to  reach  within  about  18  inches  of  the 
foremast;  a  new  mast  band  was  designed;  the  main  stay  was  raised  so  that  it  would  clear  the  new 
forward  end  of  the  bridge;  the  lower  foretopsail  sheets  were  changed  from  iron  cable  to  hemp;  the 
hauling  part  of  the  upper  foretopsail  halyards  was  changed  from  iron  chain  cable  to  hemp;  and  in  the 
observers'  cabin  an  additional  stateroom  was  constructed.  The  execution  of  these  changes  was 
diieeted  by  me  from  San  Francisco,  Captain  Hayes  being  in  charge  of  the  woric  at  San  Diego. 
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33.  The  new  comimiiirfair  ct  the  capedhion,  W,  J.  Petos,  iMmng  the  pity  in  icadineagy  arrived 
in  San  Diego  on  FAniary  9, 1906.  The  relative  poeitiops  of  the  inatnmients  remained  imcJianged 
from  iiiiat  they  were  between  Aagiiiflt  24  and  Deoember  20, 1906.  For  plan  of  the  extended  bridge  see 
Fig.  1,  Plan  C,  page  27,  the  initial  point  being  as  in  aD  previous  conditiopa  the  center  of  the  aea  dq)- 
circle.  Before  swinging  ship,  I  personally  adjusted  the  instruments  with  mndi  care  for  alinement. 
The  change  in  the  f (Mward  one  was  quite  considerable^  as  the  Mdge,  in  spKring  it  out,  had  taken  up 
some  wind.  The  weather  during  F^ruary  proved  to  be  unusually  bad  (for  San  Diego)  for  swinging 
ship,  there  being  a  great  deal  of  rain,  interqiersed  with  doudy  and  foggy  weather.  The  vessd  was 
swung  on  FAruary  14, 15,  and  26, 1906,  in  the  same  place  irtiexe  the  {Hevioos  swings  had  been  made. 
During  these  swings  the  vessd  was  in  a  n(»mal  condition,  with  the  exception  that  on  the  last  day  the 
iron  stem-davits  were  not  in  place,  as  they  were  aslnxe  at  a  shc^  serving  as  patterns  for  making 
heavier  ernes  to  carry  a  gasoline  launch.  On  Fd>ruary  27  I  left  San  Diego,  returning  to  my  duties 
in  the  Coast  and  Geodetic  Survey  on  Biarch  1,  1906. 

W.  J.  Pbtbu:  Discussion  of  AunAnx  CoBBBcnoN  fob  Standard  Compass  R3C.^ 

There  are  many  different  styles  of  ccnnpasses  and  oampaas  devices  far  obtaining  the 
magnetk  bearing  oi  celestial  and  terrestrial  objects.  This  discasBion  is  based  upon  c<m- 
sideratkHis  ci  the  Ritchie  asimuth-drde  with  peq>-«i^t,  vertical  thread,  and  dark  mirror, 
refened  to  in  this  vc^ume  as  ''alidade  method''  (see  AB^  ¥L  3,  Fig.  2).  The  iwiiiciides 
are,  however,  apidicable  to  any  compass  device  wfaidi  dqiends  opcm  refleeti<m  by  mirror  or 
prism  mounted  on  a  hcmsontal  axis  to  obtain  the  desired  bearing. 

Let  D«  be  the  observed  magnetic  declination,  obtained  by  the  alidade  method  at  some 
station  where  the  standard  declination  at  the  same  instant  is  D.  FurthemKMre,  let  —Am 
be  the  alidade  correction  to  be  applied  to  D«  to  obtain  D.    Then 

Am--D.-D 

If,  when  observing,  the  mirror  axis  of  rotation  is  not  truly  hcNiiontal,  or  if  it  is  not 
perpendicular  to  the  line  of  si^t  (from  lower  part  of  peep-sig^t  to  lower  end  of  vortical 
thread  of  azimuth  circle),^  or  again,  if  the  axis  does  not  lie  in  the  plane  of  the  mirrcur  surf  ace 
or  is  not  paralld  to  it,  then  il^  as  determined  from  observations  with  the  mirrw,  win  contain 
the  combined  ^ect  of  the  conditions  mentioned.  If  the  separate  ^ects  are  represented  by 
a,  6,  c,  respectively,  then 

Am^a  +  b  +  c  +  x^D.-D 

In  this  equation  x  is  the  part  of  A^  which  in  no  way  depends  upon  the  positicm  of  the 
mirror  surface. 

If  the  altitude  of  the  Sun  or  object  sighted  is  very  small,  the  mirror  is  nearly  horizontal 
and  the  line  of  sight  from  the  eye,  striking  the  mirror  at  an  exoeedin^y  small  glancing 
an^,  is  but  little  affected  by  a  faulty  installation  of  the  mirror,  so  that,  for  an  altitude, 
A  s  0,  it  may  be  assumed  that  a  +  b  +  c  —  0. 

For  an  altitude,  h  —  180^,  the  mirror  is  vertical,  the  first  effect,  a,  disi^pears,  and  6 
and  c  attain  their  maximum  values,  a,  6,  c  are  functions  of  the  altitude  A,  which  are 
found  from  geometric  considerations  to  be  as  follows: 

a^ytanh       b  ^  ztanhtaxi^        c  — ii^tanAsee^ 

The  expression  for  A«  becomes,  accordingly 

Am  =  X  +  y  tan  h  +  z  tan  h  tan  5  +  tr  tan  fc  sec  5  =  D,  —  D  (1) 


ThM  dcagnatioo  applies  to  the  staodaid  Ritchie  liqaid  compaw  29499  provided  with  anmath  circle  4S1-III.  R3C 
WMM  ued  oo  Croije  III  of  the  Galilee  (see  pp.  31  and  62). 

*To  CToid  dreomloeation,  the  expression  **peep-sisht  and  vertieal  thread"  is  used  to  denote  this  line,  and  **plane  of 
apparent  bearing"  defines  the  vertieal  plane  that  contains  this  Hne. 
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Each  observation  will  give  a  similar  equation,  and  the  most  probable  values  of  x,  y,  z^ 
and  w  may  be  found  from  all  the  observations  by  the  method  of  least  squares. 

In  the  case  of  the  "alidade  method/'  the  number  of  unknowns  may  be  reduced  by 
methods  given  below,  where  each  unknown  is  separately  considered. 


X,  Us  ngnificanee  and  value. — x  in  this  discussion,  represents  the  combined  results  of  — 

(1)  Non-coincidence  of  the  axis  of  the  magnetic  system  with  the  zeros  of  the  card; 

(2)  The  vertical  plane  containing  the  optical  ray,  peepnaight  and  vertical  thread,  not 

passing  through  center  of  card; 

(3)  Lack  of  horisontality  of  reading  prism  (that  is,  the  optical  ray  from  peep-sight  to 

reading  thread  of  prism  may  not  be  reflected  perpendicularly  on  to  the  plane  of  the 
card  graduations) ; 

(4)  The  vertical  thread  and  the  reading  thread  of  reading  prism  may  not  lie  in  the  same 

vertical  plane; 

(5)  Errors  of  ^uduation  (in  some  instruments  errors  have  been  found  amounting  to  as 

mucha8  0?3); 

(6)  Eccentric  mounting  of  the  pivot; 

(7)  Alt^ed  balance  of  compass  card  owing  to  extreme  values  of  the  vertical  intensity  of 

the  magnetic  field. 

The  value  of  x  may  be  determined  from  declination  observations  at  land  stations 
where  simultaneous  standard  values  are  available  for  comparison,  and  where  it  is  possible 
to  have  azimuth  marks  fairly  well  distributed  aroimd  the  horizon.  If  the  compass  bowl  is 
turned  or  oriented  during  observations  on  these  marks,  so  as  to  set  the  forward  lubber-line 
at  any  3  or  more  equidistant  points,  e.  g.,  the  cardinal  points,  the  mean  result  of  the  dec- 
lination from  the  pointings  on  any  one  mark  in  the  equidistant  orientations  will  be  free 
from  errors  of  eccentricity  of  pivot.  A  comparison  of  these  mean  results  with  the  corre- 
sponding standard  values  of  the  declination  will  give  a  value  of  x  for  the  bearing  of  each 
mark.  A  graph  may  be  constructed  or  a  table  calculated  from  these  results,  by  which  any 
compass-bearing  of  an  object  in  the  horizon  may  be  corrected.  The  differences  between 
the  individual  values  of  x  and  the  mean  of  all  are  the  periodic  and  graduation  errors. 
The  non-coincidence  of  the  axis  of  the  magnetic  system  with  the  zeros  of  the  card,  lack  of 
horizontality  of  the  reading  prism,  and  any  error  in  the  assembling  of  vertical  thread  and 
reading  thread  of  the  prism  may  be  considered  constant  for  all  practical  purposes,  and 
this  combined  effect  is  assumed  to  be  the  mean  of  all  observations  made  for  the  pmpose 
of  determining  x.  Therefore,  during  the  remainder  of  this  discussion,  x  may  be  considered 
as  determined  or  known,  and  represented  by  Xo.    Equation  (1)  may  then  be  written 

y  tan  h  +  z  tan  h  tanx  +  u>  tan  A  sec^  =  D,  —  D  —  x,  (2) 

iprtiich  contains  but  three  unknowns. 

In  the  following  demonstrations  it  is  assumed  that  the  azimuth  circle  revolves  about  an 
axis  which  is  perpendicular  to  the  compass-bowl  glass,  since  the  instrument  is  leveled  by  a 
circular  level  resting  on  this  surface.  This  condition  may  be  verified  by  placing  the  instru- 
ment on  a  solid  pier  or  otherwise  making  it  immovable  and  then  observing  two  circular 
levels  while  the  azimuth  circle  is  being  rotated,  one  resting  on  the  bowl-glass  surface,  the 
other  on  the  circle. 

a  —  y  tan  h. — If  the  dark  mirror  is  in  perfect  adjustment,  as  it  rotates  about  its  axis 
a  normal  to  its  surface  will  move  in  a  vertical  plane  {EZH,  Fig.  5),  which  contains  the 
line  '^peep-sight  and  vertical  thread,"  and  hence  also  the  object  sighted.  The  intersection  of 
this  plane  with  the  horizon  plane  is  the  apparent  and  also  the  true  azimuthal  direction. 
Figure  5  is  an  orthographic  projection  upon  the  plane  of  the  horizon.  If  the  mirror  axis 
is  inclined  to  the  horizon  plime  by  a  small  angle,  y,  the  plane  EOHPS,  now  described  by 
a  normal  to  the  mirror  surface  as  it  rotates  about  its  inclined  axis,  no  longer  passes  throuf^ 
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the  ssenithi  but  passes  to  one  side  by  an  angular  distance  (ZY)  »y.  HoweveTi  the  plane 
contains  the  line  ''peepnsight  and  vertical  thread/'  EOH,  which  is  the  apparent  azimuthal 
direction  of  an  object,  S,  in  this  inclined  plane.  But  the  true  azimuthal  direction  of  S  is 
determined  by  the  horizontal  trace  of  a  vertical  plane  ZOS  passing  through  it,  and  the 
correction  a  is  the  angle  SZH  between  this  vertical  plane  and  a  vertical  plane  containing 
the  line  '^peepnsight  and  vertical  thread/' 

From  the  spherical  triangle,  SZH^  there  results 

sin  iSZ        sin  iSH 


or 


sm  a  = 


sin  SHZ      sin  SZH 


emSH  .    „TTfT      coSiSZsiny 
sm  o/zZ  =  -: — 777S 


siUiSZ 


sin  /SZ  cos  y 


Fio.  5, 


but  as  SHZ  —  y  is  less  than  1^  in  instruments  constructed  with  ordinary  care,  the  arcs 
may  be  substituted  for  sin  a  and  tan  y;  introducing  h,  this  equation  becomes 

a  —  y  tan^ 

It  is  to  be  noted  that  if  A  is  reckoned  through  the  zenith  when  the  Sun  is  behind  the  ob- 
server, the  formula  may  be  considered  general,  so,  when  fe  =  0®  or  180®,  a  =  0,  and  when 
h  =  90*^,  a  becomes  infinite,  and  for  h  >  90°,  tan  h  is  negative. 

Let  the  mirror  be  made  parallel  to  a  line  in  the  surface  of  the  compass-bowl  glass,  which 
line  in  turn  is  parallel  to  the  line  ''peep-sight  and  vertical  thread,''  that  is,  let  the  mirror  be 
rotated  about  its  axis  to  a  horizontal  position.  Next  turn  the  azimuth  circle  until  the  direc- 
tion to  a  very  distant  object  is  at  right  angles  to  the  line  ''peep-sight  and  vertical  thread." 
Then,  if  angular  measures  are  made  with  sextant  or  theodolite  between  this  distant  object 
and  its  reflections,  as  given  by  the  mirror  and  compass-bowl  glass,  respectively,  one-half  the 
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difference  of  these  two  measures  is  the  angle  between  the  mirror  surface  and  compass-bowl 
flurfacey  and  is  the  combined  effect  of  y  and  w.    So  that,  if  m  represents  this  effect,  then 

m^y  +  w  ory  =  m  —  u? 


iHiich,  substituted  in  equation  (2),  gives 

A  h 

m  tan  h  —  w  tan  h  +  z  tan  h  tan  5  +  ^  **^  ftsecg*!),  —  ^  —  a:. 

which  contains  but  two  unknowns,  when  m  has  been  determined. 


(3) 


h^z  tan  h  tan  5 . — ^If  the  only  error  in  the  mirror  adjustment  is  that  which  results 


Fig.  6. 

when  the  mirror  axis  is  not  perpendicular  to  the  line  ^'peepnught  and  vertical  thread," 
then  as  the  mirror  is  rotated,  a  normal  to  its  surface  moves  in  a  plane  FOGZ,  Figure  6, 
passing  through  the  zenith  and  making  a  constant  angle,  z,  with  the  line  '^  peep-sight  and 
vertical  thread."  It  intersects  the  celestial  sphere  in  a  great  circle  FPZG.  For  a  par- 
ticular altitude,  A,  the  normal,  OP,  to  the  mirror  surface,  intersects  this  circle  in  a  point  P, 

at  a  distance  from  the  lenith  Z  equal  to  5.    The  Sun  is  found  in  a  plane,  EPSH,  contain- 
ing the  "  peep-sight  and  vertical  thread,"  EO,  and  the  normal,  OP.    The  error,  6,  is  the  angle 
SZH  between  tiie  vertical  plane  ZS,  through  the  Sun,  and  the  vertical  plane  EOH, 
containing  the  line  ''peep-sight  and  vertical  thread." 
The  quadrantal  triangle,  PZE,  gives 

tanP^Z-sinPZStanPZ-sin.tan^ 
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The  triangle,  SZH,  as  before,  gives 

sin  SZH  »  tan  8HZ  tan  h 

but  SHZ  is  equal  to  PEZ,  hence  when  z  is  small 

b  B  ;;  tan  A  tan  5 

If  the  altitude  is  reckoned  through  the  senith  for  the  Sun  behind  the  observer,  the 
formula  is  general;  so,  when  A  »  0^,  6  »  0,  and  when  h  »  180^,  b,  evaluated,  =  —2z, 
which  evidently  agrees  with  the  physical  fact. 

c^^w  tan  h  sec  x. — If,  during  Sun  observations,  the  dark  mirror  is  in  perfect  adjust- 
ment, a  normal  to  the  surface  will  move  in  a  vertical  plane  which  contains  the  line  '' peep- 
sight  and  vertical  thread,"  EO,  and  hence  also  the  Sun.  This  plane,  whose  horizontal 
trace  is  the  Sun's  azimuthal  direction,  intersects  the  celestial  vault  in  a  great  circle  EZH 
(Fig.  7).  If  the  axis  of  the  mirror  is  horizontal  and  perpendicular  to  the  line  '' peep-sight 
and  vertical  thread,''  but  does  not  lie  in  the  plane  of  the  mirror  surface  or  parallel  to  it 


Fio.  7. 

(i.  e.,  ''the  mirror  is  not  true  in  the  frame"),  the  normal  no  longer  describes  a  plane,  but  the 
surface  of  a  broad  cone,  which  intersects  the  celestial  vault  in  a  small  circle  VW,  parallel 
to  the  great  circle  EZH,  and  at  an  angular  distance,  w,  from  it,  measured  by  the  arc  WZ. 
The  Sim  is  now  foimd  in  a  plane  EPZ'SHOf  which  contains  the  line  ''peep-sight  and  vertical 
thread,"  the  normal,  and  the  Sim.  This  plane  forms  an  angle  SHZ = PEZ  with  the  plane 
of  the  apparent  azimuth.    Since  the  normal  PO  bisects  the  angle  between  the  incident  ray 

SO  and  the  reflected  ray  OE,  PZ'^  \SH,  or  PE^W-  \SH.  From  the  right-angled 
spherical  triangle  with  PE  as  hypothenu.se,  formed  by  drawing  an  arc  from  P  perpen- 
dicular to  EZ,  equal  in  length  to  u;,  sin  PEZ  «  gin  SHZ  »  sin  u?  sec  ^  SH. 
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In  the  spherical  triangle  SHZ,  sin  SZH  »  sin  c  =  - — ^  sin  SHZ,  hence, 

sin  SH        1  ory       .        sin  SH        i  ^rr 

sm  c  =  sin  u;  -: — o^  sec  -r  SH  =  sin  w r-  sec  -  SH 

sin  SZ        2  cos  h         2 

When  w  is  small,  c  is  also  small,  and  SH  does  not  differ  appreciably  from  h,  hence  this 
equation  may  be  written 

c  =  w  tan  A  sec  o 

If  A  is  reckoned  through  the  zenith,  the  formula  becomes  general,  so  for  A  »  180^ 
there  results,  when  evaluated,  c  =  —2w,  which  agrees  with  the  physical  fact. 

Let  the  mirror  be  turned  on  its  axis  imtil  its  surface  is  vertical,  or  so  nearly  so  that 
the  reflected  image  of  the  peep-sight  may  be  observed  through  the  peep-sight.  Then,  if 
this  image  does  not  coincide  with  the  vertical  thread,  the  displacement  may  be  measured 
by  reading  a  white  scale  held  against  the  peep-sight.  This  displacement  is  equal  to  the 
combined  effects  of  z  and  w  and  may  be  represented  by  the  equation 

2n  =  2{z  +  w) 

The  ratio  of  this  displacement  to  the  distance  between  the  mirror  surface  and  peep-sight 
is  tan  2  n. 

Since  n  may  be  determined  from  direct  linear  measurements,  z  ^  n  —  w  may  be  sub- 
stituted in  equation  (3),  which  gives 

Z),—  D—  x^'-m  tan  ft  —  n  tan  h  tan  ^ 
u, ^  (4) 

tan  A  + tan  h  tan  5  —  tan  A  sec  5 

The  equation  now  contains  but  one  unknown,  w^  which  varies  with  the  altitude  and  which 
may  be  determined  from  solar  observations.  It  is  evident  that  the  best  determination  of 
IT  will  result  from  those  observations  which  give  a  large  numerical  value  to  the  denominator; 
hence  only  high  Sim  observations  should  be  used  to  determine  w  from  this  equation. 

Application  of  Preceding  Theory  to  Measures  Made  at  HonohUu, 

September  6  and  7, 1907. 

m  —  y  +  tr  f or  standard  compass  R3C  was  measured  at  the  Honolulu  Magnetic 
Observatory,  and  its  value  was  found  to  be  —  0?10.  The  sign  was  determined  by 
considering  the  relative  size  of  the  angles  between  the  distant  object  and  its  images  in 
the  compass-bowl  glass  and  mirror.  It  was  found  that  the  normal  was  deflected  to  the 
left  when  looking  in  the  direction  '^ peep-sight  and  vertical  thread"  (i.  e.,  the  direction 
used  in  observing) .  Therefore,  any  observed  compass-bearing  of  a  high  Sun  was  too  great 
(clockwise) .  If  a*  be  the  observed  bearing,  always  clockwise  from  the  south  point,  and  a 
the  true  azimuth,  then 

2),  =  a  —  a. 

In  this  equation,  if  cu  is  too  great,  />•  is  small  as  compared  with  Z),  so  in  the  equation 

if  2>.  is  smaller  than  Z),  because  the  normal  is  deflected  to  the  left,  then  that  part  of  A* 
which  is  due  to  this  deflection  is  negative. 
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The  linear  displacement  due  to  2n=  2  {z  +  w),  was  measured  on  board  ship  by  a 
scale  held  against  the  peep-sight  and  was  foimd  to  be  4.75  mm.  The  distance  between 
the  mirror  and  peepnsight  is  226  mm.,  and  since  the  image  of  the  peep-sight  was  deflected 
to  the  apparent  rij^t, 

tan  2n  —  tan  2  (« -|-  tr)  =  — 


226 


or  n  «  -  0?60 


The  sign  was  verified  by  actual  experiment.  Using  a  small  sextant  mirror,  it  was 
found  that  if  it  was  tinned  so  as  to  deflect  the  peep-sight  image  to  the  right  the  bearings 
were  too  large  (clockwise). 

The  values  of  y,  z,  and  w  as  finally  determined  from  a  least-square  adjustment  of  all 
observations  made  wilJi  this  instrument,  are  the  respective  numerical  coefficients  in  the 
following  equation : 

ii--  X.---  1?682  tan  A  -  1?173  tan  h  tan^  + 1?760  tan  A  sec  ^ 

The  observed  values  of  A^,  h,  and  the  weights  p  assigned  in  the  above-mentioned 
leastHsquare  adjustment  are  tabulated  below,  together  with  the  differences  between  the 
observ^  values  of  ii«  and  those  obtained  by  computation  from  the  derived  formula. 
These  differences  are  given  in  the  column  headed  O^-C. 


Table  41.— Portion  cf  AUdade  CorrtetUnu  for  Standard  Compatt  BSC  Dependent  on  AUUvde. 


No. 


1 
2 

3 

4 

6 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 
24 
25 
26 


Station 


SanDiefo 

Do 

Papeete,  Tahiti. 

Do 

Do 

Do 

Yap 

Do 

Do 

Wooeung 

Do 

Do 

Do 

Sitka 

Do 

Do 

Do 

Honolulu 

Do 

Do 

Jaluit 

Christohuroh . . . 

Do 

Do 

Callao 

San  FranciBoo.. 


Date 

Sun's 

Uec-«t) 

0-C 

alt.(*) 

0bs*d 

Comp'd 

P 

1906 

e 

o 

o 

o 

Deo.  14 

33 

-0.11 

-0.13 

+0.02 

2 

Deo.  15 

9 

+0.06 

0.00 

+0.06 

2 

1907 

Feb.    9 

55 

-0.45 

-0.46 

+0.01 

1 

Feb.    9 

64 

-0.99 

-0.72 

-0.27 

« 

Feb.  12 

36 

-0.23 

-0.16 

-0.07 

« 

Feb.  12 

24 

-0.11 

-0.06 

-0.05 

2 

Apr.  16 

16 

-0.08 

-0.02 

-0.06 

2 

Apr.  17 

52 

-0.45 

-0.39 

-0.06 

2 

Apr.  17 

23 

-0.14 

-0.06 

-0.08 

2 

May  20 

17 

-0.03 

-0.03 

0.00 

2 

May  20 

51 

-0.43 

-0.37 

-0.06 

2 

May  25 

32 

-0.17 

-0.12 

-0.05 

2 

May  25 

9 

-0.03 

0.00 

-0.03 

2 

July  20 

50 

-0.35 

-0.36 

+0.01 

1 

July  20 

47 

-0.23 

-0.31 

+0.08 

1 

July  20 

23 

+0.03 

-0.06 

+0.09 

1 

July  20 

16 

-0.01 

-0.02 

+0.01 

2 

Sept.    6 

14 

-0.04 

-0.02 

-0.02 

2 

Sept.    7 

11 

+0.03 

-0.01 

+0.04 

2 

Sept.    7 

44 

-0.19 

-0.26 

+0.07 

2 

Got.   29 

10 

+0.02 

0.00 

+0.02 

2 

1908 

Jan.     4 

63 

-0.57 

-0.68 

+0.11 

2 

Jan.     4 

44 

-0.38 

-0.26 

-0.12 

2 

Jan.     4 

21 

+0.13 

-0.05 

+0.18 

2 

Mar.  17 

34 

-0.05 

-0.14 

+0.09 

2 

May  20 

10 

+0.02 

0.00 

+0.02 

2 

Abstracts  of  Loos  of  thb  Gaulbe 


141 


ABSTRACTS  OF  LOGS  OF  THE  GALILEE. 
J.  F.  Pratt:  Abstract  of  Log,  Cruise  I,  1905.^ 

San  Francisco  to  San  Diboo,  Caufobnia. 


Date 

Noonpontion 

Day's 
run 

Remarks 

Lai. 

Long. 
E.  of  Or. 

1906 
Aoc.    5 

e 

7 

8 

9 

10 

11 

o         ' 

San  Frandi 
36    30N. 
34    55N. 
32    49  N. 

32  52  N. 

33  09N. 
San  Diaco. 

oo 

milsf 

2  p.  m.  left  San  Franoisoo. 

Gentle  to  moderate  breeses  from  W.    Cloudy  and  misty. 
Moderate  breeses  from  N  W.  by  N.    Overcast. 
Light  variable  airs.    Overcast. 

Light  airs  to  light  breeses  from  W.    Cloudy  and  foggy. 
Light  to  gentle  breeses  from  W.    Partly  doudy.    Swung  ship  under  sail. 
Light  to  gentle  breeses  from  W.    Fine  weather.    Swung  ship  under  sail. 
4^  30^  p.  m.  anchored  in  harbor  of  San  Diego. 

235     13 

238  13 

239  00 

240  10 

241  47 

134 

174 

132 

59 

83 

58 

Total  distance,  040  miles.    Time  of  passage,  6. 1  days.    Average  day's  run,  105.0  miles. 
San  Dnoo,  Caloobnxa,  to  Honolulu,  Tbkbitobt  of  Hawah. 


1905 

o 

t 

e 

/ 

miUM 

woL    1 

SanDtMo.l 

2 

31 

32  N. 

241 

47 

84 

8 

29 

26  N. 

238 

55 

194 

4 

28 

44  N. 

235 

44 

172 

5 

28 

23  N. 

232 

16 

184 

6 

28 

01  N. 

228 

43 

189 

7 

27 

SON. 

225 

22 

179 

8 

27 

19  N. 

222 

42 

143 

9 

26 

52  N. 

220 

43 

109 

10 

26 

UN. 

218 

16 

138 

11 

25 

29  N. 

215 

56 

133 

12 

24 

36  N. 

213 

36 

138 

13 

24 

00  N. 

211 

07 

141 

14 

23 

00  N. 

208 

22 

163 

15 

21 

38  N. 

204 

81 

229 

16 

Honolulu. . 

•  •  •   • 

135 

1  p.  m.  left  San  Diego.    Light  airs  from  WSW.  to  W.    Moderate  head  swell. 

Clear  Weather. 
Lif^t  airs  to  moderate  breese  from  W.  to  WNW.    Moderate  head  sea. 

Cloudy  to  partly  cloudy. 
Moderate  breeses  from  NW.    Moderate  head  sea.    Partly  cloudy  to  cloudy. 
Moderate  breeses  from  NW.  to  NNW.    Overcast 
Gentle  to  moderate  breeses  from  N.    Sea  moderate.    Cloudy. 
Gentle  breeses  from  N.    Sea  moderate.    Cloudy,  with  passing  showers. 
Gentle  breese  from  NNE.  with  moderate  following  sea.    Overcast. 
Light  to  gentle  breeses  from  NE.    Sea  moderate.    Overcast. 
Light  airs  from  NE.    Overcast  followed  by  clearing  weather. 
Light  to  moderate  breeses  from  NE.  with  heavy  following  swelL    Cloudy, 

with  passing  showers,  followed  by  clear  sky.    Ship  rolling. 
Moderate  breese  from  NE.    Clear  to  cloudy.    Swung  ship  under  sail.    Logs 

hauled  in  during  swing.    Ship  rolling  considerably. 
Variable  breeses.    Light  showers,  followed  by  clear  weather.    Moderate 

following  ground  swell.    Swung  ship  in  p.  m. 
Moderate  breeses  from  NE.    Moderate  following  ground  swell.    Clear. 
Moderate  breeses  from  NE.    Moderate  swell.    Partly  cloudy. 
Moderate  to  stiff  breeses  from  NE.  with  heavy  following  sea.    dear  to 

cloudy. 
8^  15^  a.  m.  docked  at  Honolulu.    Partly  cloudy. 


Total  distance,  2,331  miles.    Time  of  passage,  14.8  days.    Average  day's  run,  157.5  miles. 

Honolulu,  Tbbbitobt  of  Hawah,  to  Fanning  Island. 


1905 

• 

t 

o 

t 

milet 

Sept.  28 

Hoi 

lohilu. . 

1^30"*  p.  m.  left  dock  at  Honolulu.  Variable  winds.  Clear  weather. 
Swung  ship  off  Barber's  Point  by  tug. 

29 

19 

57  N. 

Be- 

Calm, with  no  headway  all  day. 

calmed 

30 

19 

35  N. 

202 

55 

112 

Calm,  with  no  headway  all  day. 

Oct.     1 

19 

23  N. 

203 

14 

22 

Calm  and  light  variable  airs.    West  wind  at  8  p.  m. 

2 

17 

48  N. 

203 

48 

100 

Ftesh  breeses  from  E.,  with  rain  squalls.  Heavy  sea.  Clear  to  partly 
cloudy. 

3 

14 

50  N. 

204 

22 

181 

Moderate  to  stiff  breeses  with  heavy  swells  from  E.  Clear  to  cloudy,  with 
squalls. 

4 

11 

01  N. 

204 

52 

231 

Variable  winds  with  rain  squalls,  passing  showers  and  lightning. 

5 

9 

14  N. 

204 

42 

107 

Calm  and  light  variable  airs.     Heavy  rain  squalls.     No  steerage  at  times. 

6 

7 

29  N. 

204 

28 

106 

Light  breeses  from  NNE.  Cloudy  with  heavy  rain  showers;  partly  clear  in 
afternoon. 

7 

6 

04  N. 

204 

04 

88 

Light  to  gentle  breeses  from  SE.    Fine  weather. 

8 

4 

UN. 

201 

34 

187 

Gentle  breeses  from  SE.    Clear  weather. 

9 

4 

24  N. 

201 

a^ 

32 

Light  airs  from  SSE.    Clear  sky.    Fine  weather. 

10 

Fannin*  1*1 

and, 

41 

2  Pt  mt  made  fast  to  moonns-buov  off  cable  station  at  Fanninc  Island. 

1 

• 

Light  breeses  from  NE.    Clear  sky. 

Total  distance,  1,207  miles.    Time  of  passage,  12.0  days.    Average  day's  run,  100.6  miles. 


*For  rsport  on  this  cruise,  see  pages  128-134 ;  also  p.  10. 
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Ocean  Magnetic  Observations,  1905-16 


Fanning  Island  to  Honolulu,  TntBiTORT  of  Hawah. 


Noon  position 

Day'a 

Date 

V 

Remarks 

f>jit 

Long. 

run 

l^Bb. 

E.  of  Gr. 

190S 

0 

/ 

o 

f 

tniUs 

Oct.   14 
15 

Fanning  IbI 
2     19  N. 

and. . 

Swung  ship.    7^  30*  p.  m.  let  go  mooring-buoy  at  Fanning  Island. 

Light  airs  to  fresh  shifting  breeses.    Heavy  rain  squalls.    Clear,  then  cloudy. 

200 

36 

96 

16 

0 

14  N. 

198 

35 

173 

Gentle  to  moderate  breeses  from  88E.  to  ESE.  Cloudy,  with  passing 
showers,  followed  by  fine  steady  weather. 

17 

1 

30  8. 

197 

14 

132 

Gentle  breeses  from  E.  and  NE.    Fine  weather. 

18 

0 

20  N. 

195 

34 

149 

Moderate  breeses  to  light  airs  from  NNE.,  dimmishmg.    Clear  sky. 

19 

1 

24  N. 

194 

00 

114 

Light  airs  from  NE.  to  ESE.    Clear  sky . . 

20 

2 

36  N. 

194 

00 

72 

light  airs  from  SE.  to  S.    Partly  cloudy,  with  passing  showers  p.  m. 

21 

3 

08  N. 

194 

36 

48 

Gentle  breeses  to  light  airs  from  S.  to  R8E.    Rain  squalls  a.  m.    Cloudy. 

22 

4 

28  N. 

195 

53 

111 

Light  breeses  from  SE.  to  ESE.    Cloudy  weather,  but  clearing  at  night. 

23 

6 

39  N. 

196 

09 

132 

Light  breeses  from  NE.    Fine  dear  weather. 

24 

8 

46  N. 

196 

28 

133 

Moderate  breeses  from  NNE.  to  ESE.  Moderate  swells  from  NE.  Partly 
cloudy.    Rain    squalls. 

25 

11 

46  N. 

194 

33 

188 

Moderate  to  stiff  breeses  from  NE.    Moderate  swells  from  NE.    Clear. 

26 

14 

53  N. 

192 

47 

214 

Moderate  to  stiff  breeses  from  NE.    Clear  sl^. 

27 

17 

31  N. 

191 

37 

172 

Gentle  to  moderate  breeses  from  NE.  to  ENE.  Blue  sky  to  cloudy  with 
passing  showers.    Observations  interrupted  by  squalls. 

28 

19 

61  N. 

190 

55 

145 

Moderate  breeses  from  ENE.  to  NNE.    Clear  blue  sky. 

29 

22 

37  N. 

190 

31 

168 

Light  breeses  from  E.    Clear,  fine  weather. 

30 

24 

15  N. 

191 

07 

103 

light  breeses  from  SE.,  diminishing  to  calm.  Clear  blue  sky.  No  headway 
after  noon.    Quantities  of  small  drift  on  surface. 

31 

24 

14  N. 

191 

06 

1 

Calm  to  light  breese  from  NE.   Cloudy  to  partly  cloudy.    No  headway  a.  m. 

Nov.    1 

25 

09  N. 

191 

08 

66 

light  airs  from  SE.  to  S.,  followed  by  calm.    Fine  clear  weather. 

2 

25 

37  N. 

192 

40 

88 

Gentle  breeses  from  S.    Cloudy  weather,  clearing  in  afternoon. 

3 

25 

47  N. 

195 

47 

169 

Moderate  to  stiff  breeses  fhmi  SSE.  Dark,  stormy-looking  weather,  with 
passing  showers. 

4 

25 

44  N. 

199 

07 

180 

Variable  winds.    Overoast  and  cloudy,  with  rain  and  squalls. 

5 

24 

32  N. 

199 

48 

81 

Moderate  breeses  from  N.,  with  heavy  following  ground  swell.  Cloudy, 
with  passing  showers. 

6 

23 

08  N. 

201 

26 

122 

Gentle  breese  from  NNE.    Clear  to  cloudy,  with  paanng  showers  of  rain. 

7 

Hoi 

aolulu. . 

117 

6^  30*  p.  m.  docked  at  Honolulu.    Gentle  breeses  from  NE.    Clear  weather. 

1 

Total  distance,  2,963  miles.    Time  of  passage,  23.9  days.    Average  day's  run,  124.0  miles. 
Honolulu,  TBRBrroRT  of  Hawah,  to  San  Disgo,  California. 


1906 
Nov.  12 
13 
14 

15 

16 
17 
18 
19 
20 
21 

22 

23 
21 
25 
26 
27 
28 

29 
30 
Dec.  1 
2 
3 
4 
6 
6 
7 
8 
9 


Honolulu . 

23  07  N. 

24  21  N. 

25  09  N. 


26 
28 
29 
31 
32 


40  N. 
14  N. 

33  N. 
29  N. 
26  N. 


201  14 

201  08 

199  19 

197  54 

196  29 

196  46 

199  44 

203  46 


\VA 

L'fi  N. 

'l{}7 

15 

36 

13  N. 

206 

31 

39 

23  N. 

208 

25 

40 

38  N. 

209 

09 

41 

06  N. 

209 

19 

41 

11  N. 

209 

40 

40 

40  N. 

213 

02 

39 

25  N. 

218 

22 

37 

53  N. 

222 

26 

37 

16  N. 

224 

12 

36 

45  N. 

227 

57 

36 

32  N. 

230 

36 

35 

68  N. 

231 

45 

36 

64  N. 

234 

26 

34 

20  N. 

235 

32 

33 

34  N. 

237 

09 

33 

14  N. 

239 

53 

32 

San 

68  N. 
I  Diego . 

241 

17 

120 
74 

110 

119 
121 
80 
192 
213 
185 

171 

210 

82 

29 

17 

156 

256 

212 

92 

182 

128 

65 

130 

108 

104 

125 

72 

77 


8  a.  m.,  left  wharf  under  tow.  Moderate  breeses  from  NE.  Fine  weather. 
Moderate  breeses  from  ENE.  Small  sea.  Clear  weather.  Swung  ship. 
Moderate  to  fresh  breeses  from  N.  to  N.  by  E.    Heavy  sea.     Clear  to  cloudy, 

with  passing  showers  and  squalls. 
Fresh  breeses  to  strong  gales,  with  heavy  seas  from  NE.    Cloudy,  passing 

showers  and  wind  squalls. 
Moderate  breeses  from  NE.     Cloudy,  with  passing  showers. 
Light  breeses  from  NE.  to  E.,  diminishing.    Clear  sky.    Swung  ship. 
Gentle  breeses  from  E.  to  SE.    Clear  to  overcast  and  cloudy,  with  rain. 
Gentle  to  mod.  breeses  from  SSE.     Heavy  swells  from  SSE.     Cloudy,  rain. 
Moderate  breeses  from  SSE.     Rough  sea.     Partly  cloudy  weather. 
Moderate  breeses  to  calm  from  SE.  to  E.,  followed  by  moderate  breeses  from 

ENE.    Heavy  sea.    Overcast  and  rainy  weather. 
Moderate  to  stiff  breeses  from  ENE.  to  E.     Heavy  swell  from  E.     Ship 

laboring.     Clear  to  cloudy. 
Moderate  breeses  to  light  airs  from  ESE.    Cloudy  to  clear. 
Light  airs  from  E.  to  calm.     Clear  weather  with  heavy  dew.     Swung  ship. 
Clear  and  calm  weather.    Smooth  sea.     Small  swell  from  east. 
Calm  to  light  breeses  from  SSE.    Clear  to  partly  cloudy. 
Gentle  to  moderate  breeses  from  SSW.     Rapid  rise  in  water  temp.    Cloudy. 
Moderate  to  stiff  breeses,  SSW.  to  NW.    Overcast  and  cloudy,  with  rain  to 

partly  cloudy.     Heavy  swell  from  WNW. 
Moderate  to  light  breeses  from  NW.    Cloudy  to  partly  cloudy. 
Light  variable  airs  and  heavy  swell.     Partly  cloudy  to  cloudy. 
Moderate  to  light  breeses  from  S.    Overcast  and  cloudy. 
Light  airs  from  SW.  to  calm.     Partly  cloudy.    Glassy  sea  at  night. 
Gentle  breeses  from  N.  to  NNE.    Small  swells  from  W.     Partly  cloudy. 
Light  airs  from  NNE.  to  calm.     Smooth  sea.     Partly  cloudy.     Ship  swung. 
Light  variable  airs  from  NNE.  and  N.     Smooth  sea.     Partly  cloudy. 
Light  to  gentle  breeses  from  NW.  to  NNW.     Smooth  sea.     Partly  cloudy. 
Gentle  breeses  from  NNW.     Smooth  sea.     Cloudy  to  partly  cloudy, 
light  variable  airs  to  calm.    Clear  to  partly  cloudy. 
3  p.  m.  arrived  off  quarantine  dock,  San  Diego.     Moderate  breese  to  light  airs 

from  NNE. 


Total  distance.  3,430  miles.    Time  of  passage,  27.3  days.    Average  day*s  run.  125.6  miles. 


Abstracts  of  Loos  of  thb  Gaulbb 
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Summary  of  Pasaages  far  CruUe  I  of  the  Oalilee. 

Table  42. 


1906 
Mar.  2 
3 

4 
6 

6 

7 

8 
0 
10 
11 
12 
13 
14 

15 
16 
17 

18 
19 

20 

21 

22 
23 
24 

25 
26 
27 
28 
29 
30 


Pawage 

Length  of 
passage 

Time  of 
passage 

Average 
day's  run 

San  Frandaoo  to  San  Diego 

San  Diego  to  Honolulu 

mile* 
640 
2.331 
1,207 
2.963 
3.430 

day9 
6.1 
14.8 
12.0 
23.9 
27.3 

miUM 
106 
158 
101 
124 
126 

Honolulu  to  Fanning  Island 

Fanning  Island  to  Honolulu 

Honc^ulu  to  San  Diego 

Total 

10.571 

84.1 

126 

W.  J.  PsTBBs:  Abstract  of  Log,  Cruise  II,  1906.^ 

San  Dieoo  to  Fannino  Island. 


Noon  position 

Day's 
run 

Lat. 

Long. 
E.  of  Gr. 

o 

t 

o 

» 

miU9 

San  DiMTo.  1 

32 

23  N. 

242 

38 

17 

31 

27  N. 

241 

10 

93 

29 

09  N. 

238 

09 

209 

27 

54  N. 

236 

04 

133 

27 

12  N. 

234 

56 

73 

26 

23  N. 

2:^{ 

49 

77 

25 

58  N. 

232 

56 

54 

25 

54  N. 

230 

29 

132 

27 

42  N. 

228 

58 

135 

26 

43  N. 

227 

11 

112 

25 

37  N. 

226 

17 

82 

25 

08  N. 

225 

16 

62 

24 

38  N. 

223 

45 

88 

24 

18  N. 

222 

57 

48 

22 

23  N. 

220 

02 

198 

22 

07  N. 

218 

12 

103 

20 

25  N. 

217 

34 

108 

19 

01  N. 

217 

31 

84 

18 

06  N. 

216 

53 

66 

16 

58  N. 

215 

10 

120 

16 

25  N. 

214 

32 

49 

15 

29  N. 

213 

18 

91 

14 

13  N. 

211 

42 

119 

12 

28  N. 

200 

35 

162 

10 

23  N. 

207 

45 

165 

7 

49  N. 

205 

56 

188 

5 
Fai 

16  N. 
ining  Is! 

203 
and. . 

40 

204 
200 

3^  30™  p.  m..  left  dock  at  San  Diego. 

Light  airs  from  S.    Clear.    Clouds  later  interrupted  attempt  to  swing  by 

launch. 
Moderate  breeses  from  NW.  by  W.  to  WNW. 
Gentle  breeses  from  NW.  by  W.  to  N.    Partly  cloudy  to  cloudy.    Swung 

ship  under  sail,  both  helms. 
Calm  to  light  airs  from  NE.    Cloudy  to  partly  cloudy. 
Calm  to  light  airs  from  E.  to  NNE.    Cloudy  to  blue  sky  and  cloudy.    Swung 

ship. 
Light  breese  from  N.  by  W.    Clear  day. 

Calm  to  light  breeses  from  8.     Clear  to  cloudy.    Swung  ship  by  launch. 
Stiff  breeses  from  S.    Cloudy.     Heavy  squalls  during  night. 
Stiff  breeses  from  SW.     Rough  sea.    Occasional  squalls.     Cloudy. 
Gentle  breeses  from  NW.    Rough  sea.    Clear  to  cloudy. 
Calm.     Heavy  cross  swells.     Clear  to  cloudy, 
light  airs  to  gentle  breeses  from  SE.    Clear  sky.    Swung  ship  with  both 

helms. 
Light  airs  from  SE.  and  calm.    Clear  to  partly  cloudy. 
Light  airs  to  gentle  breeses  from  SE.    Partly  cloudy. 
Moderate  to  stiff  breeses  from  SE..  W.,  and  NW.    Cloudy,  with  hea\'y  rain 

squalls  from  W. 
Moderate  breeses  from  S.  by  W.  and  calm.    Cloudy.     Rain  squalls  p.  m. 
Gentle  breeses  from  W.  by  S.  to  W.  Clear  to  cloudy.     Pitching  into  head 


Calm  to  light  airs  from   WNW.     Heavy  cross  swells.     Partly   cloudy. 

Rolling  badly. 
Light  airs  to  light  breeses  from  NE.  and  E.    Partly  cloudy.     Swung  ship 

on  7  headings,  both  helms. 
Gentle  breeses  from  SE.  and  calm.    Clear  to  partly  cloudy. 
Light  airs  from  SE.  and  calm.    Clear,  becoming  partly  cloudy. 
Light  to  moderate  breeses  from  ENE.  to  NE.     Partly  cloudy.     Swung  ship 

on  12  headings,  both  helms. 
Light  to  moderate  breeses  from  NE.  to  E.     Partly  cloudy,  becoming  clear. 
Light  to  moderate  breeses  from  NE.     Partly  cloudy,  becoming  clear. 
Moderate  breeses  from  NE.     Partly  cloudy.    Attempted  swing;  too  rough. 
Moderate  breeses  from  NE.    Rough  sea.    Cloudy.     Rain. 
Moderate  to  stiff  breeses  from  NE.    Partly  cloudy.    Clearing. 
5  p.  m.,  anchored  off  Fanning  Island. 


Total  distance,  3.172  miles.    Time  of  passage,  28.1  days.    Average  day's  run,  112.9  miles. 


*For  s>'nopsis  of  this  cruise,  see  pages  11-12. 
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OcsAN  Magnetic  Observations,  1905-16 


FAinmfo  Isi.4in>  to  Avia,  yia  Paoo  Paoo,  Samoait  Iblanim. 


Noon  pooitioii 

Day's 
run 

D»t« 

Ia/L 

Long. 

Rmnarks 

LmIv* 

E.  of  Gr. 

1906 

o 

t 

o 

t 

mHu 

Apr.  11 
12 

Fapninff  TfllAnd .  . 

T/eft  4^  30^  Pr  m.    liisht  to  im)U«  hreeteff  from  NEt    Partly  cloudy. 

2 

12  N. 

200 

08 

107 

Gentle  to  mod.  breeaes  from  NE.  to  E.    Partly  doudy  to  dear.    Swung  ship. 

13 

0 

01  S. 

190 

23 

141 

Gentle  to  moderate  breeses  from  SE.  to  E.    Cloudy  to  dear. 

14 

3 

10  8. 

198 

22 

199 

Moderate  breeiea  from  ESE.    Clear  to  doudy. 

15 

6 

08  8. 

197 

53 

180 

Gentle  breeiea  from  ESE.    dear  to  eloudy. 

16 

7 

05  8. 

196 

56 

80 

Calm  to  light  breeiea  from  SE.    Clear.    Swung  ship. 

17 

8 

18  8. 

196 

13 

85 

Light  airs  to  light  breeses  from  SE.  to  ESE.    Qoudy  to  dear. 

18 

0 

18  8. 

195 

55 

63 

Calm  to  light  airs  from  SE.    Rain.    Clear  to  eloudy. 

19 

10 

12  8. 

195 

53 

54 

light  to  moderate  breeses  from  NW.    Rain.    Partly  doudy. 

20 

12 

20  8. 

195 

06 

136 

Moderate  breeses  from  W.  to  SW.    Clear. 

21 

13 

04  8. 

194 

12 

69 

light  breeses  from  NW.  and  calm.    Rough  sea.    Cloudy  to  dear. 

22 

13 

10  8. 

193 

55 

22 

Gentle  breeses  from  NW.  to  N.    Clear  to  doudy. 

23 

14 

00  8. 

192 

54 

72 

Light  airs  from  NW.  and  calm.    Cloudy  to  dear. 

24 

14 

10  8. 

192 

59 

11 

light  airs  from  S.  by  E.  and  calm.    Clear. 

25 

14 

13  8. 

191 

41 

76 

Gentle  to  moderate  breeses  from  SE.    Clear. 

26 

Paffo  Paoo 

139 

10^  30^  a.  m.  dropped  anchor.    Gentle  bree*^  from  SE.    Clear. 

May    1 

Pmcm  P&ffo 

5^  15"*  p.  m.  toweid  out  of  harbor  at  Pago  Pago.    Moderate  breeses  from  SE. 

2 

Api 

a 

68 

9  a.  m.  anchored  at  Apia.    Gentle  breeses  from  SE.    Clear. 

Total  distance,  1,502  miles.    Time  of  passage,  15.4  days.    Arerage  day's  run,  97.5  mUes. 

Apia,  Samoan  laLAifoa,  to  Sitta,  Fui  laLAiros. 


1906 

o          / 

0               9 

mtlet 

May  10 

11 

Aoia 

Left9^30"a.m.    Moderate  breese  from  SE.  to  S.  and  oalm.    Qeartodoudy. 
Stiff  breese  from  8E.    Clear  to  doudy,  with  rain.    Rough  sea. 

13    26  8. 

185    26 

166 

12 

15    19  8. 

182    04 

225 

Stiff  to  fresh  breese  from  NE.  to  SE.  and galefrom  S.   Okmdy,  aquaUy.rain. 

13 

16    07  8. 

180    50 

79 

Gentle  to  mod.  breese  from  SE.  to  SW.  Roui^sea.  Cloudy  to  dear  blue  sky. 

14 

16    33  8. 

180    59 

26 

Gentle  to  moderate  breese  from  SE.  to  S.    dear  weather.    Ship  pitohing  and 
rolling  in  rough  sea. 

16 

18    018. 

179    34 

120 

Crossed  180th  meridian  at  6  a.m.    Gentle  SE.  breese.   light  rain,  then  dear. 

17 

Suva 

66 

12^  10**  p.  m.  anchored  in  Suva  harbor.    light  breeae  from  NE.    doudy. 

Total  distance,  682  miles.    Time  of  passage,  6.1  days.    Average  day's  run,  111.8 

Suva,  Fui  Islands,  to  Jaluit,  Mabsball  Islands. 


June 


1906 
May  26 
27 


28 

29 

30 

31 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


20 
21 


o          / 

e 

/ 

milef 

Suva 

16    42  8. 

176 

06 

157 

14    47  8. 

176 

49 

122 

13     17  8. 

177 

08 

92 

10    48  8. 

176 

45 

151 

10    29  8. 

177 

05 

27 

9    33  8. 

178 

07 

83 

8    56  8. 

178 

52 

58 

8    38  8. 

179 

38 

49 

8    08  8. 

180 

13 

46 

7     17  8. 

180 

47 

61 

5    50  8. 

181 

04 

89 

4     30  8. 

180 

28 

88 

2    45  8. 

179 

46 

113 

1     32  8. 

178 

10 

120 

1     09  8. 

178 

24 

27 

0    37  8. 

178 

24 

32 

1     UN. 

177 

56 

112 

2    37  N. 

176 

48 

110 

3    23N. 

176 

04 

64 

3    57  N. 

175 

19 

56 

4    02  N. 

175 

14 

7 

4    35N. 

174 

32 

53 

4    59  N. 

173 

25 

71 

5    21  N. 

171 

46 

101 

6    OON. 

170 

21 

93 

Jaluit 

42 

8  a.  m.  left  anchorage  at  Suva  under  sail.    Stiff  breese  from  E.    doudy. 
Fresh  breese  from  E.  to  SE.,  increasing  to  a  gale.   Very  rough  sea.   doudy, 

with  light  rains. 
Stiff  breese  from  SK  to  E.    Overcast,  with  light  rains. 
Moderate  breese  from  E.    Clear,  doudy  at  evening. 

Gentle  breese  from  NE.,  next  lig^t  airs  from  N.  by  W.  and  W.    doudy,  rains, 
lii^t  airs  from  E.    Overcast  to  dear.    Calm, 
light  breeses  from  ESE.  to  E.     doudy. 

light  SE.  breese,  next  calm.    Overcast,  with  light  rains.     Clear  in  evening, 
light  airs  to  light  breeses  from  W.    Clear. 

Light  breese  from  NW.    Smooth  sea.    Clear.    Swung  ship,  launch  ahead. 
Calm  to  gentle  breeses  from  ESE.    Overcast,  with  rain,  then  dear. 
Gentle  to  moderate  breese  from  K    dear. 

Moderate  breese  from  ESE.    Clear  weather,  followed  by  rain.    Swung  ship. 
Stiff  breese  from  NE.    Cloudy,  with  rain  squalls  and  rough  sea. 
Calm.    dear.    Swimg  ship  on  8  headings,  both  helms,  launch  assisting. 
Light  breese  from  SE  to  calm,    dear,  becoming  doudy  p.  m. 
Gentle  breeses  from  SE.  to  ENE.    dear.    Smooth  sea. 
Gentle  breese  from  ENE.  to  NE.    Smooth  sea.     Clear.     Swung  ship  a.  m. 
Calm  to  light  airs  from  NE.    Partly  doudy,  with  occasional  squalls. 
Light  ESE.  to  SE.  breese  and  calm.    Partly  doudy.  passing  showers. 
Light  airs  from  SE.  to  cahn.    dear,  becoming  doudy.    Ship  rolling  heavily, 
light  breese  from  8.  and  cahn.    Clear.    Rolling  moderatdy. 
Light  airs  from  NE.    Rain  squalls,  followed  by  dear  weather. 
Calm  to  moderate  breeze  from  NNE.     Cloudy,  with  squalls  and  rain. 
Moderate  breese  from  SE.,  followed  by  calm  and  light  variable  airs.    Heavy 

rain  and  passing  showers. 
Gentle  to  moderate  breeses  from  E.  by  N.  to  NE.    Cloudy  to  dear.    Swung 

ship  under  sail  6  points,  both  hdms. 
10**  30*>  a.  m.  anchored  off  Jaluit. 


Total  distance.  2,024  miles.    Time  of  passage,  26.1  days.     Average  day's  run,  77.5  miles. 
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Jaluit,  Mabshall  Islands,  to  Guam. 


Dftto 

Noon  position 

Day's 
run 

Remarks 

Lst. 

Long. 
E.  of  Gr. 

1906 
June  30 
July     1 

2 
3 

4 
5 
6 
7 

8 

9 
10 
11 

Jaluit 

o          / 

mile$ 

7^  15"  a.  m.,  left  anohorsKe  at  Jaluit.     Moderate  breese  from  NE.    Clear. 
Gentle  to  li^t  breese  from  E.  to  S.    Cloudy,  with  rain  squalls.    Ship  rolling 

heavily. 
Light  to  moderate  breese  from  NE.    Clear  to  partly  cloudy.    Ship  rolling. 
Moderate  breese  from  ENE.    Clear.    Swung  ship  a.  m.    Ship  rolling  and 

pitching  considerably. 
Gentle  to  moderate  breese  from  NE.    Clear  to  cloudy. 
Calm  and  gentle  breese  from  NE.    Partly  cloudy. 

Gentle  to  moderate  breese  from  NE.    Cloudy  to  clear.    Swung  ship  a.  m. 
Moderate  to  stiff  breese  from  NE.  to  E.    Heavy  rain,  followed  by  light  rain 

squalls. 
Moderate  breese  from  E.  by  S.  to  ESE.    Clear  to  cloudy,  with  li^t  rain 

squalls. 
Gentle  breese  from  NE.  to  E.  by  S.    Clear. 

Gentle  breeses  from  SE.  to  E.     Clear.  7^  30*  a.  m.  Guam  sighted  ahead. 
3  p.  m.  made  fast  to  mooring-buoy  in  harbor  of  Port  Apra,  Guam. 

7    OON. 

7     15  N. 

7  56N. 

8  49  N. 

9  52  N. 

10  31  N. 

11  46  N. 

12  55  N. 

13  10  N. 
13     19  N. 

166     10 

165    06 
162    39 

159    28 
157    02 
155    09 
152     15 

149     13 

147     12 
145     10 

218 

65 
151 

196 
157 
118 
186 

191 

119 

119 

30 

Total  distance,  1,550  miles.    Time  of  passage,  11.3  days.    Average  day's  run,  137.2  miles. 

Guam  to  Yokohama. 


1906 
July  34 

36 


37 
38 
29 

80 

31 

Aug.    1 

3 
8 

4 


6 

7 

8 

9 

10 

11 

12 

13 


o         / 

Guam  .... 

0 

/ 

miU9 

15    36  N. 

144 

30 

131 

17    45  N. 

144 

15 

129 

18    45  N. 

144 

13 

60 

19    31  N. 

144 

18 

46 

30    13  N. 

144 

16 

42 

31    39  N. 

144 

43 

80 

31    54  N. 

144 

49 

26 

34    38N. 

146 

23 

157 

37    43N. 

146 

39 

194 

39    83N. 

144 

44 

118 

30    39N. 

144 

36 

66 

39    58N. 

144 

13 

46 

30    36N. 

144 

07 

38 

31    07  N. 

143 

36 

92 

31    44  N. 

141 

31 

67 

31    68  N. 

140 

68 

34 

33    44  N. 

138 

56 

147 

34    OON. 

139 

43 

46 

34    54N. 

139 

42 

46 

33 

11^  20*  a.  m.,  left  mooring-buoy  in  harbor  of  Apra,  Guam.    Calm  to  light 

breeses  from  ENE.    Cloudy  to  clear. 
Moderate  breeses  from  E.  by  N.  to  E.  by  S.    Long,  rolling  swells.    Clear. 
Calm  to  gentle  breeses  from  E.    Cloudy. 

Calm  to  gentle  breeses  from  E.  to  NE.    Partly  cloudy  to  overcast. 
Calm  to  gentle  breeses  from  NE.  to  E.    Partly  cloudy. 
Light  to  gentle  breeses  from  SE.  to  E.  by  S.    Clear  to  cloudy,  with  wind 

squalls. 
Gentle  breeses  from  NW.  to  SW.  and  calm.    Overcast,  with  light  rains  to 

partly  cloudy. 
Light  to  moderate  breese  from  SE.  to  W.  by  S.    Cloudy,  with  light  rains  and 

squalls. 
Moderate  to  stiff  breese  from  SW.    Rough  sea.    Partly  cloudy  to  overcast, 

with  rain  squalls. 
Moderate  to  stiff  breese  from  SW.    Overcast,  with  rain  and  squalls. 
Moderate  breese  from  NW.  to  WNW.  Partly  cloudy  to  clear.  Swung  ship  p.  m. 
Gentle  to  moderate  breese  from  SW.  to  W.    Light  rain  squall.    Rough  sea. 

Partly  cloudy. 
Calm  to  moderate  breeses  from  WNW.  to  W.  by  S.    Li^t  rains  and  squalls. 

Cloudy  to  dear. 
Calm  to  gentle  breeses  from  N.  by  E.    Clear. 

Stiff  to  light  breeses  from  N.  to  N.  by  W.    Clear.    Swung  ship  p.  m. 
Light  breeses  from  SW.  to  WSW.    Clear  to  overcast. 
Gentle  breeses  from  NE.  and  calm.    Clear  to  cloudy. 

Fresh  brene  from  NE.  Rough  sea.  Cloudy.  4^  30*  a.m.  Fatsisio  Island  sighted. 
Stiff  breese  from  NE.,  followed  by  light  airs  from  E.  by  S.     Partly  cloudy. 
Light  breeses  from  NE.  to  SE.    Cloudy  to  clear. 
1^  20*  a.  m.  anchored  in  Yokohama  Bay. 


Total  distance,  1,587  miles.    Time  of  passage,  19.6  days.    Average  day's  run.  81.0  miles. 

Yokohama  to  San  Dnoo. 


O            f 

• 

t 

miUM 

34    47  N. 

130 

46 

40 

36    36N. 

143 

16 

178 

36    34N. 

144 

47 

76 

36    35N. 

147 

60 

149 

86    36N. 

160 

67 

163 

36    37  N. 

161 

19 

61 

87    63  N. 

160 

03 

149 

41    OON. 

149 

46 

198 

48    UN. 

140 

88 

138 

Left  Yokohama,  10^  30*  a.  m.    Swung  ship  by  tug.    light  airs.    Overcast 

and  drissling  p.  m. 
light  variable  breeses.    Cloudy,  followed  by  overcast  and  rain. 
Stiff  breeses  N.  by  W.  to  NNE.    Clear.    Ship  pitching  and  rolling. 
Light  SE.  breeses.    Rain  in  evening. 
Moderate  breeses.    Clear  to  partly  cloudy.    Swung  ship  on  5  headings,  port 

and  starboard. 
Gentle  breeses  from  N.  to  NE.    Cloudy. 
SUff  breeses,  diminishing,  from  NE.    Cloudy. 
Stiff  ESE.  to  ENE.  breeses.    Ovsroasi.    Pitching  and  plunging. 
Fresh  bweiss  from  B.    Cloudy.    Too  rough  for  work. 
Osntla  B.  to  SB.  breeaes.    Clear  to  oweast  p.  m.    Swung  ship  on  6  litad- 

Ingi,  both  hilma. 
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Yokohama  to  San  Dibgo — amdudtd. 


Noon  position 

Date 

Day's 

Rsmarici 

] 

Lat. 

Long. 
E.  of  Gr. 

run 

1906 

o 

9 

• 

9 

mOit 

Sept.  16 

44 

26  N. 

152 

06 

128 

Gsntle  breese  from  8.,  increasing  to  moderate  gale.  Long  swells,  dear  to 
overoast. 

17 

46 

32  N. 

166 

46 

109 

to  partly  cloudy.    Too  rough  for  woriL. 

18 

46 

19  N. 

168 

36 

120 

Moderate  to  8W.  breese.    Qoudy.  drissling.    Ship  rolling. 

19 

46 

06  N. 

161 

23 

126 

Light  breese  8W.  to  WNW.    Cloudy  with  mist  p.  m.    Continuous  rolling. 

20 

46 

31  N. 

162 

37 

62 

Gale  from  NB.    Hove  to.    Overoast,  with  rain. 

21 

44 

64  N. 

164 

68 

106 

Flresh  NW.  breese.    Cloudy. 

22 

44 

67  N. 

167 

44 

118 

GentlebreeseNw.  toN.  by£.  Cloudy.  8wung  diip  both  helms.  Declina- 
tion on  one  heading. 

23 

44 

19  N. 

170 

62 

139 

8tiif  breese  from  NE.    Oreroast  and  doudy. 

24 

41 

47  N. 

173 

36 

193 

8tiff  breese  from  ENE.    Cloudy  and  drissling. 

26 

42 

66  N. 

174 

11 

74 

Gentle  breese  varying  8E.  to  ENE.    Cloudy. 

26 

43 

34  N. 

174 

66 

60 

Light  airs,  various,  to  oalm.  Clear  fine  day.  Swung  ship  on  6  headings, 
both  helms. 

27 

44 

07  N. 

176 

19 

69 

Moderate  breese  8.,  freshening  p.  m.    Cloudy  to  overcast,  with  rain. 

27 

44 

67  N. 

181 

28 

226 

Stiff  hrecKM),  freshening  from  NW.  Clear.  Yawing  and  pitching.  Crossed 
180th  meridian.    Changed  date  at  4^  30^  a.  m. 

28 

46 

39  N. 

187 

08 

243 

Fresh  breese  from  W.    Overoast  and  drissling.    Tremendous  following  sea. 

29 
30 

46 
46 

69  N. 
34  N. 

192 
196 

20 
13 

218 
123 

Moderate  breese  N.    Clear.    Swung  ship  p.  m.,  6  ix)iints,  both  hehns. 

Oet.     1 

46 

17  N. 

198 

66 

167 

Moderate  NW.  breese.    Clear.    Ship  yawing  oonsMlerably. 

2 

46 

67  N. 

200 

16 

69 

Light  breese  from  E.  by  N.,  increasing  to  NE.  gale.  Overcast,  with  rain. 
Hove  to  at  8  p.  m.    Gale  from  N.  by  W.  moderating.    Sea  roui^. 

3 

46 

27  N. 

201 

19 

63 

Overoast,  with  drissle.    Hove  to. 

4 

44 

ION. 

203 

68 

137 

Strong  northeasterly  winds.  Rough  sea,  squally.  Clear  a.  m.  Overcast, 
with  drissle,  p.  m. 

6 

42 

34  N. 

206 

34 

149 

Light  northerib^  breese,  with  fog  and  driving  misi.    Calm  p.  m. 

6 

42 

67  N. 

209 

36 

136 

Stiff  southeriy  breese.    Rain  and  fog  all  day. 

7 

43 

37  N. 

214 

17 

208 

Stiff  breese  from  S.,  shifting  8E.    Overcast,  with  rain. 

8 

44 

36  N. 

217 

07 

136 

Gale  from  S.  during  night.    Hove  to.    Rain-storm  from  SW.    Cleared  p.  m. 

9 

43 

29  N. 

220 

03 

143 

Stiff  breese,  SW.  shifting  to  S.  by  E.    Clear. 

10 

43 

01  N. 

226 

16 

229 

Stiff  southeriy  breese,  increasing  to  gale  a.  m.  Absted  somewhat  p.  m. 
Cloudy  and  rainy.    Rou^  sea. 

11 

41 

04  N. 

228 

36 

190 

Stiff  SW.  breese  shifting  to  W.    Heavy  sea.    Qear. 

12 

39 

48  N. 

230 

42 

122 

Light  breese  from  SW.    Ckmdy.    Swung  diip  on  6  headings,  both  helms. 

13 

38 

69  N. 

232 

01 

78 

Light  variable  westeriy  winds.    Cloudy,  becoming  foggy. 

14 

37 

UN. 

234 

66 

174 

Light  NW.  breese.    Clear. 

16 

36 

26  N. 

237 

34 

166 

Stiff  NW.  breese.  Clear.  Ship  rolUng  considerably.  Swung  ship  a.  m.,  6 
headings,  both  helms. 

16 

33 

ION. 

240 

38 

204 

Moderate  NW.  breese,  diminishing.    Moderate  sea.    Sighted  San  Nicholas. 

Clear. 
Becalmed  off  Santa  Catalina  during  night.    Light  head-wind  a.  m.    Calm 

17 

33 

12  N. 

241 

21 

36 

p.  m.    Clear. 

18 

33 

ION. 

241 

44 

19 

Calm  and  various  light  airs.  Tacking  between  Santa  Catalina  and  San 
Clemente.    Overcast 

19 

33 

00  N. 

242 

23 

34 

Calm  and  light  airs.  NW.  breese  p.  m.  Partly  cloudy.  Anchored  off  bell- 
buoy,  unable  to  sail  in. 

20 

San  Dififlo. 

29 

Under  tow  of  tug  boat.    Dropped  anchor  off  Santa  Fe  dock,  San  Diego,  at 

11  a.  m. 

Total  distance,  6,709  miles.    Time  of  passage,  46  dajrs.    Average  day's  run,  128.2  miles. 

Summary  of  PasBoges  for  Cruise  II  of  the  OalHee. 

Table  43. 


San  Diego  to  Fanning  Island. 

Fanning  Island  to  Apia 

Apia  to  Suva 

Suva  to  Jaluit 

Jaluit  to  Guam 

Guam  to  Yokohama 

Yokohama  to  San  Diego. . . . 

Total 


Length  of 


3,172 
1,602 
682 
2,024 
1.660 
1,687 
6,760 


16,286 


Time  of 


days 
28.1 
16.4 
6.1 
26.1 
11.3 
19.6 
46.0 


161.6 


Average 
day's  run 


mtZ«0 
113 

98 
112 

78 
137 

81 
128 


107 
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W.  J.  PsTiBs:  Abstract  or  Loo,  Cruisb  III,  1906-1908.^ 

Sak  Dnoo  TO  NuKABiTA,  Mabquuas  IsLAsnm, 


NooD  position 

Dftto 

Day't 

Remarks 

■ 

Ui. 

Long. 
E.  of  Gr. 

run 

1906 

e 

/ 

o 

» 

flMlM 

Dm.  82 

Sad  Dimo. 

Under  way  with  tug  at  S*"  16"  p.  m.    Cast  off  with  sails  all  set  at  4^  30"  p.  m. 
Gentle  NW.  breeae.    Clear. 

33 

33 

04  N. 

341 

63" 

*67'* 

34 

30 

38  N. 

340 

44 

113 

light  breese  N.  by  E.  to  NW.  Clear,  becoming  overeast.  Christmas-«Te 
festivities  aboard. 

36 

30 

33  N. 

340 

14 

70 

Calm  to  gentle  breese,  variable  BE.  to  BSW.  Overcast.  Guadalupe  Island 
bearing  E.  at  8  a.  m. 

36 

38 

38  N. 

340 

31 

47 

Gentle  breese  variable  SSE.  to  8W.  by  S.    Overcast  and  damp. 

37 

38 

17  N. 

340 

03 

33 

Variable  winds.    Squally,  with  continuous  rain.    Swell  from  W. 

38 

37 

31  N. 

338 

60 

73 

Heavy  squalls,  cleared  in  a.  m.  with  gentle  NW.  winds.    Swung  ship  p.  m. 

30 

36 

39  N. 

338 

31 

126 

Gentle  NW.  breese,  becoming  NNE.  Clear.  Ship  rolled  heavily,  wind 
being  dead  aft. 

ao 

33 

UN. 

337 

34 

147 

Gentle  NE.  winds.    Cloudy,  becoming  clear. 

31 

31 

17  N. 

336 

66 

130 

Light  NW.  breese  increasing  to  NNE.  Cloudy,  becoming  dear.  Swung 
ship  on  7  headings,  both  helms. 

1907 

Jaa      1 

18 

30  N. 

336 

13 

163 

Stiff  NE.  breese.     Clouds,  squalls.      Ship  rolling  and  yawing  in  foUowing 

14 

47  N. 

336 

03 

241 

NE.  winds  becoming  boisterous.  Partly  cloudy.  Heavy  seas  keep  decks 
wet.    Yawing  widely. 

10 

41  N. 

333 

37 

260 

Fresh  NE.  winds.  Partly  cloudy.  Unfavorable  conditions  continua. 
Westflriy  drift  noticeable. 

0 

00  N. 

333 

41 

116 

Calm,  and  variable  light  airs.    Rain,  squalls,  douds.    Heavy  sea  running. 

8 

61  N. 

333 

33 

41 

Calm,  with  li^t  variable  airs.  Overcast,  with  rain.  Squally.  Heavy  sea 
and  ship  rolling. 

8 

34  N. 

336 

31 

110 

Calm,  no  steerago-way.    Partly  cloudy.    Large  drift  to  eastward. 

7 

37  N. 

336 

16 

67 

Very  li^t  northerly  winds.    Partly  doudy,  with  passing  showers. 

6 

17  N. 

334 

41 

78 

Cabn  to  moderate  SE.  breese.  Partly  doudy.  Swung  ship.  Sea  fairly 
smooth. 

4 

63  N. 

333 

66 

136 

Gentle  SSE.  breese.    Partly  doudy,  becoming  squally. 

4 

13  N. 

331 

63 

74 

Light  breese  fh»n  ESE.  Partly  cloudy  to  dear.  Moderate  roll.  Heavy 
settoNW. 

3 

33  N. 

330  30 

88 

Lii^t  breese  from  ESE.    Cloudy  and  partly  doudy.    Attempted  swing,  but 

wind  failed.    Heavy  rolL 

3 

08  N. 

330 

46 

02 

Gantle  breese  ESE.  Partly  doudy.  Swung  ship.  Sea  fairly  smooth, 
moderate  swell. 

1 

31  N. 

338 

60 

60 

Gentle  breese  from  ESE.  to  SE.    Clear. 

0 

36a 

338 

04 

166 

IVeah  breese  from  E.  by  S.    Clear.    Ship  pitching.    Crossed  equator  at  0 

3 

31  S. 

337 

03 

106 

a.  m. 
Moderate  breese  E.  by  S.  to  E.  by  N.    Partly  doudy.    Swung  ship.    Sea 
moderate.    Crossed  magnetic  equator. 

6 

14  a 

334 

63 

208 

Fresh  breese,  ESE.  to  ENE.  Partly  doudy.  Heavy  sea,  ship  rolling  and 
yawing. 

7 

60  8. 

333 

06 

105 

Fredi  breese,  ENE.  to  NE.  Partly  doudy.  Ship  jrawing  and  rolling 
heavily. 

18 

NukahiTa . 

140 

Anchored  inside  harbor,  Nukahiva,  Marquesas  Idands,  at  8^  46*  a.  m. 

1 

Total  distance,  3,220  miles.    Time  of  passage,  20.7  dasm.    Average  day's  run,  120.0  milea. 
Nukahiva,  BlABQuasAS  Islands,  to  Tahth,  Socibtt  laLANDS. 


•       t 

o 

/ 

imtis 

Nukahiva . 

0    26S. 

210 

04 

60 

10    16  S. 

217 

47 

01 

11    31  a 

216 

06 

124 

12    60S. 

214 

00 

161 

14     16  8. 

212 

33 

114 

16     16  8. 

211 

24 

80 

Tahiti 

143 

0^30"  a.  m.,  left  anchorage.    Li^t  variable  airs.    Partly  cloudy. 

li^t  variable  airs  and  calm.    Partly  doudy. 

Light  airs  from  NE.    Light  rain  at  12^  30*  p.  m.    Partly  doudy. 

Gentle  breese  from  ENE.    Partly  doudy. 

Gentle  breese  from  ENE.    Partly  doudy.    Overcast,  with  rain,  p.  m. 

Lii^t  airs  from  NE.    Partly  doudy  a.  m.    Overcast,  with  rain,  p.  m. 

Gentle  breeses  from  E.  to  ESE.   Partly  doudy.   Smooth  sea,  best  conditions. 

3^  46*  p.  m.  anchored  in  Papeete  Harbor.  Light  ESE.  breeses.  Partly  cloudy. 


Total  distance.  772  miles.    Time  of  passage,  7.3  day*.    Average  day's  run,  105.8  miles. 


^For  synopsis  of  this  cruise,  see  pages  12-14. 
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OcxAN  Maqnbtic  Obsbrvahonb,  1905-16 


Tahiti,  Soonrr  Islands,  to  Apia,  Samoav  Islahds. 


Data 

Noon  position 

Day's 
run 

Rsmsrics 

Lat. 

Long. 
E.  of  Gr. 

1907 
Feb.  19 
20 
21 

22 
23 
24 
25 
26 
27 

28 
Mar.    1 

2 
3 

e       / 
Tahiti 

e        / 

milef 

\C^  30*  a.  m.  left  Papeete  Harbor.    Gentle  N.  by  E.  breese.  Partly  cloudy. 
Moderate  northerly  breese.     Rough  sea.     Heavy  W.  swell.     Partly  cloudy. 
Gentle  breese  from  N.    Overcast,  with  heavy  squalls  and  passing  showers. 

8hip  tossing  heavy. 
Moderate  N.  breese.,  next  calm.    Bad  weather,  squalls  and  heavy  seas. 
Calm,  variable  breeses.    Light  rains.    Partly  cloudy. 
Calm.    Partly  cloudy.    Unable  to  hold  heading. 

Light  8E  breeie,  shifting  to  E8E.,  partly  doudy,  sea  smooth.    Mod.  swell. 
Light  breese  from  E.  by  8.  to  E.    Partly  cloudy.    8wung  ship.  8ea  smooth. 
Gentle  breese  from  E.  and  light  airs  from  WNW.   Sea  moderate.    Unable  to 

hold  steady  heading. 
Light  variable  airs.    Rain.   Partly  cloudy.   Ship  holding  no  definite  heading. 
Gentle  E8E.  breese.    Partly  cloudy  to  overcast.    Rolling  and  yawing  badly. 
Light  easterly  breese.    Considerable  magnetic  change  while  passing  Tutuila. 
1^  30^  p.  m.,  anchored  in  Apia  Harbor.    Overcast,  with  light  rains. 

17    06  8. 

16  58  8. 

17  03  8. 

17  30  8. 

18  01  8. 
17    38  8. 
16    40  8. 
16     18  8. 

15    50  8. 
15    218. 
14    35  8. 
Apia 

206    54 
203    20 

201     19 
199    29 
199    03 
197     54 
195    49 
194    09 

193    34 
191     51 
189    58 

208 
205 

116 

108 

40 

69 

133 

98 

44 

103 
118 
110 

Total  distance,  1,352  miles.    Time  of  passage,  12.1  days.    Average  day's  run,  111.7  miles. 


Apia,  Saicoan  Islands,  to  Yap,  Cabolinn  Islands. 


1907 
Mar.  14 
15 
16 
17 
18 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Apr.  1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


e        / 

e 

t 

miJU9 

Apia 

10    45  8. 

187 

07 

196 

8    59  8. 

185 

14 

154 

7    28  8. 

183 

00 

161 

7    15  8. 

181 

02 

118 

6    37  8. 

179 

04 

123 

5    22  8. 

176 

36 

165 

8    34  8. 

173 

22 

222 

2    34  8. 

170 

32 

180 

1    08  8. 

167 

29 

202 

0    02  8. 

165 

40 

127 

1    03  N. 

163 

52 

126 

2    25N. 

161 

47 

149 

2    40N. 

161 

22 

29 

2    52  N. 

160 

29 

54 

3    05N. 

159 

36 

54 

3     19  N. 

157 

53 

104 

3    48N. 

155 

32 

144 

4    29N. 

153 

15 

144 

5     16  N. 

150 

52 

150 

5    54N. 

149 

43 

78 

6     18  N. 

149 

39 

24 

6    37  N. 

149 

51 

22 

6    36N. 

149 

10 

41 

6    50N. 

147 

18 

112 

7    02N. 

145 

56 

83 

7    37  N. 

144 

05 

116 

7    55N. 

142 

30 

9f^ 

8    34  N. 

140 

46 

110 

9    08N. 

138 

55 

115 

Yap 

55 

Left  8^  10*  a.  m.  Gentle  E.  breese,  shifting  to  E8E.  Cloudy,  passing  showers. 

Gentle  breese  from  8E.  to  E8E.    Rough  sea.    Overcast,  squalls,  light  rains. 

Light  breeses  from  ESE.  to  ENE.  Partly  cloudy.    Considerable  southerly  set. 

Light  variable  wind.    Overcast,  with  light  rains. 

Calm.    Heavy  squalls.    Overcast,  with  heavy  rain,  to  partly  cloudy. 

Moderate  NNE.  breese.    Ship  swung.    Crossed  180th  mer.    Partly  cloudy. 

Moderate  breese  from  NNE.    Rough  sea.    Partly  cloudy.    Ship  swung. 

Moderate  NE.  breese.    Partly  cloudy  to  overcast,  heavy  rains  and  squalls. 

Gentle  breese  from  NE.    Partly  cloudy.    Ship  rolling  and  pitching. 

Moderate  breese  from  ENE.    Partiy  cloudy,  heavy  squalls,  rain,  thunder. 

Variable  winds,  squalls,  rough  sea,  overcast,  heavy  rain.   Crossed  equator. 

Gentle  breese  from  ESE.    Partly  doudy.    ConsideraUe  sea. 

Light  ENE.  breese.    Overcast,  with  li^t  rains  to  partly  doudy.   Ship  swung. 

Variable  breeses.    Partly  doudy,  with  heavy  squalls. 

Mod.  NW.  breese  shifting  to  NNW.    Overcast,  heavy  squalls,  rsin. 

Light  breese  from  NNE.    Partly  doudy. 

Light  breese  from  NNE.  shifting  to  NE.  and  increasing.    Overcast,  with 

rain  and  squalls,  to  partly  doudy.    Ship  swung  on  6  headings. 
Gentle  breese  from  NE.    Partly  doudy. 
Light  breese  from  NE.    Partly  doudy.    Weather  fine. 
Mod.  breese  from  N.  by  E.  shifting  to  NNE.    Partly  doudy.    Ship  swung. 
Light  airs  from  NNE.  to  calm.    Partly  doudy. 
Calm  and  partly  doudy. 

Calm  and  partly  cloudy.    Ship  swung  on  all  but  E.  heading  of  port  hdm. 
Variable  winds.  Partly  doudy.  A.  M.  passed  Suk  I.  5  natives  came  out  in  canoe. 
Gentle  breese  from  ESE.    Partly  doudy. 
Light  easterly  breeses.    Partly  doudy. 

Gentle  breese  from  NE.    Clear.    Ship  swung  on  7  headings,  boUi  helms. 
Light  airs  from  NE.    Clear. 
Gentle  breese  from  NE.     Partly  doudy. 

Gentle  breese  from  ENE.    Partly  doudy.    Sighted  Yap  about  4*^  30™  p.  m. 
10  a.  m.  anchored  in  Tomil  Bay,  Yap. 


Total  distance,  3,454  miles.    Time  of  passage,  30.1  days.    Average  day's  run,  114.8  miles. 


Abstracts  op  Loob  or  thx  Galilei 

Ytr,  I 


ToUl  dittMM*,  1,734  mUw.    Tinwof  pMMca,  16.1  (Uy*.    Av«nce<ky'>nin,  1I4.B  n 

SBAMOaU   TO   BiTKA. 


Total  dlMMMa,  MOT  uOm.    TIom  of  pumc*.  41.3  <kjrB.    Armci  <Ur'a  na,  IM.7  ■Ho*. 
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OCBAM  MAaMXnC  0B8BBVATI0N8,  lOOS-16 


Sitka  to  Hovolux^* 


Data 

Noon  portion 

Day*! 
run 

RimtflDi 

Lai. 

Long. 
E.  of  Or. 

1907 
Aug.  10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 

O           9 

Sitka 

0          9 

mOm 

5  a.  m.,  left  anchorage  at  Sitka.    Partly  doudy. 

Calm.    Foggy,  with  rain,  to  partly  elQody. 

Calm.    Partly  cloudy. 

Light  westerly  brecM.    Partly  cloudy.    Ship  swung  on  7  heading!,  ttarboard. 

Moderate  breeee  from  SW.    Overeait  and  haiy.    Roui^  sea. 

Moderate  breeee  from  SW.    Oreroaet  and  hajQr. 

Moderate  westerly  breeiee.    Overcaetandmiety.    Ship  swung  on  6  headings. 

Light  breese  from  N.    Partly  cloudy. 

Light  northerly  breesee.    Partly  ckmdy. 

Light  breese  from  NE.    Ship  swung  p.  m. 

Gentle  breese  from  NB.    Cloudy. 

Lig^t  breese  from  NE.    Partly  cloudy. 

Li^t  breese  from  NNB.    Partly  doudy. 

Light  variable  airs.    Clear  to  cloudy. 

Moderate  breese  from  ENE.    Putly  doudy.    Ship  swung  a.  m. 

Gentle  easteriy  breeses.    Cloudy  to  dear. 

Stiif  breese  from  ENE.    Partly  doudy  to  oyeicast,  with  passing  showers. 

Stiff  breese  from  E.    Rough  sea.    CHear. 

1^  39"  p.  m.,  anchored  outside  harbor  of  Honolulu. 

55    31  N. 
55    42N. 
54    ION. 
52    50  N. 

40  14  N. 
45    56N. 
43    38N. 

41  41  N. 

30  50  N. 
37    25N. 
35    23N. 
33    25N. 

31  57  N. 
30    56N. 
28    50N. 
26    ION. 
22    55N. 
Honolulu  . 

221     41 
221    07 

220  16 

221  15 

222  03 
222    52 
222    47 
222    48 
222    38 
222    27 
220    00 
217    28 
215    34 
214     10 
211    43 
208    42 
204    28 

136 

22 

06 

87 

218 

200 

138 

117 

111 

146 

170 

172 

130 

04 

170 

227 

303 

162 

Total  distance,  2,708  miles.    Time  of  passage,  18.3  days.    Average  day's  run,  148.0  miles. 


Honolulu  to  Jaluit,  MAiaHALL  Iblanimi. 


1907 

o 

/ 

o 

t 

miJiM 

Sept.  26 
27 

Hoi^obilu  . 

2  p.  m.  tug  came.    All  sails  set  at  3  d.  m..  Udht  NE.  breese.    Partly  dear. 

21 

44  N. 

ioe 

43 

137 

Light  E.  breese.    Partly  doudy.    Swung  ship  p.m.  near  Kaulal.  Sea  rough. 

28 

22 

43  N. 

106 

50 

164 

Gentle  breese,  NE.  and  ENE.  Partly  doudy,  with  passing  showers  at 
evening.    Moderate  sea. 

20 

23 

25  N. 

103 

55 

175 

Gentle  browse,  ENE.    Partly  doudy. 

30 

24 

06  N. 

101 

28 

141 

Light  breese  from  E.    Weather  squally. 

Oct.     1 

24 

41  N. 

180 

58 

80 

Calm  and  squally  weather.    Sea  smooth. 

2 

24 

50  N. 

180 

24 

32 

Calm  a.  m.  Good  breese  from  N.  about  noon.  Squally.  Sea  roug^  and 
ship  pitching  heavily. 

3 

26 

21  N. 

185 

50 

213 

Moderate  breese  N.  by  W.  to  NE.  Partly  doudy.  Sea  rough.  Ship 
rolling  and  srawing. 

4 

27 

54  N. 

183 

17 

165 

Gentle  breese,  ENE.  Partly  doudy.  Sighted  Midway  about  5  p.  m., 
too  late  to  make  anchorage.    Tacked  until  morning. 

5 

MidwAv  laliL 

ads . . 

30 

Cast  anchor  in  Seward  Roads,  Midway  at  10  a.  m.    Surf  too  heavy  to  make 

landing  from  launch.    Cable  company's  party  took  lunch  aboard.    Heaved 

anchor  at  5  p.  m.  and  sailed  for  Jaluit.    Ijght  NE.  breese.    Partly  doudy. 

6 

26 

30  N. 

181 

31 

111 

Light  breese  from  ENE.    Clear. 

7-8 

23 

47  N. 

170 

43 

108 

Gentle  NE.  breese.  Partly  doudy.  Crossed  180th  meridian  about  0  a.m. 
Swung  ship  p.  m.    Sea  moderate. 

0 

21 

18  N. 

178 

08 

173 

Stiff  NE.  by  E.  to  E.  breese.  Partly  doudy.  Sea  rough.  Rolling  and 
pitching. 

10 

17 

56  N. 

176 

18 

227 

Stiff  E.  breese.    Partly  cloudy.    Sea  rough.    Rolling,  pitching,  yawing. 

11 

14 

41  N. 

174 

16 

228 

Moderate  E.  wind.    Cloudy.    Sea  rough. 

12 

12 

17  N. 

172 

26 

170 

Light  E.  breeses.    Cloudy,  with  passing  showers.    Swung  ship  in  morning. 

13 

0 

30  N. 

171 

27 

177 

Light  airs,  mostly  easteriy.    Showery. 

14 

8 

54  N. 

170 

46 

54 

Calm.    Cloudy. 

15 

8 

18  N. 

170 

28 

31 

Calm.    Cloudy,  showery.    Generally  overcast. 

16 

7 

53  N. 

170 

44 

30 

Calm.    Squally  weather.    Sighted  two  small  islands  bearing  NE.  at  8  a.  m. 

17 

7 

20  N. 

170 

26 

38 

Calm,  rainy,  squally  weather. 

18 

6 

47  N. 

170 

10 

37 

Calm.    Cloudy. 

10 

6 

25  N. 

170 

31 

30 

Calm  and  light  airs.    Sighted  land  at  6  p.  m.    Tacked  ship  imtil  morning. 

20 

5 

55  N. 

160 

30 

60 

Tacked  all  day  to  make  entrance  to  Jaluit  Harbor.    Li^t  breese  dead  ahead. 

21 

Jail 

lit 

Beating  in,  waiting  for  tide.    Dropped  anchor  at  11^  30*  a.  m.  at  Jaluit. 

1 

Total  distance,  2,728  miles.    Time  of  passage,  23.8  days.    Average  day's  run,  114.6  miles. 


Abstbactb  of  Loos  op  thb  Qauiab 
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jALurr,  BCaisball  Islamds,  to  Post  LTmiAov.  Naw  Zbaiaxd. 


Dftto 


Noon  poflitkm 


Ut. 


Long. 
B.of  Gr. 


Dajr*! 
nni 


Hfunarkf 


Not.  11 

12 
18 
14 

16 
16 
17 
18 
19 
90 
31 


VMlm 


34 


36 
37 


1 
3 

8 

4 
5 
6 

7 
8 

0 
10 
11 
13 
18 
14 
16 
16 
17 
18 
10 

30 

31 
33 


34 


Jaluit. 


8  47  N. 
3  13  N. 
0    36N. 


3 

6 

6 

7 

7 

7 

7 

0 

11 

13 

18 

18 

14 

16 

16 


18 
30 
31 
31 
31 
33 
33 
33 

36 
37 
30 
80 


81 
83 
84 


87 
80 


06  8. 

ooa 

41  & 
86  8. 
81  a 
40  8. 
67  a 
88  8. 
318. 
13  8. 
318. 
47  & 
66  8. 
36  8. 
03  8. 


16    44  8. 


13  a 
68a 

14  a 
31  a 
88a 
06a 
4oa 

36  8. 

13  a 
48a 

80  8. 
318. 

6oa 
38a 

86  8. 

31  a 

00  8. 

8oa 

00  8. 


40  86a 

40  46a 

41  16  a 

43  40  8. 


170  00 

100  00 

168  84 

160  00 

160  81 

160  10 

160  06 

160  16 

170  13 

170  06 
160  34 
168  40 

167  48 

168  00 
168  34 
168  18 
168  36 
168  88 

168  67 

168  67 

160  33 

160  68 

171  18 
170  61 
170  44 
170  86 
170  30 

160  63 

170  16 

170  34 

170  40 
173  00 

171  16 
170  66 
170  38 
170  07 
170  00 
173  38 

173  88 

174  88 
174  86 
174  06 


Fort  Lyttoltoo. 


130 
111 
110 

164 

177 

103 

66 

11 

67 

18 

106 

113 

136 


80 
60 
83 
39 

46 

88 
163 
40 
70 
80 
38 
86 
46 

113 

163 

107 

68 

76 

60 

74 

108 

109 

81 

148 

106 

47 
31 
87 

80 


At  1  p.  m.  tteamer  TiftM  leoured  to  tow  ship  out  of  Ucoon,  wliere  ■ho  bad 
lain  at  anelior  dnoe  Nov.  6,  waiting  for  a  favorable  wind. 

Calm  and  light  aaatariy  ain.    doudy,  with  sQualU  in  evaning. 

Calm  and  light  airs  from  BSE.    Partly  doudy. 

Light  aaateriy  faraeaea.  Qonerally  elear.  8wung  ihip.  Croaied  equator 
about  6  p.  m. 

Calm  and  gentle  eaaterly  breeaea.    Clear. 

Breeaea  from  BNE.  to  B.    Partly  eloudy. 

light  breeaea,  8B.    Qen«ally  elear. 

After  a  awing  for  declination  in  morning  the  wind  fafled.    Clear. 

Calm.    Clouda,  clearing  later. 

Calm.    Partly  eloudy. 

Calm.    Few  elouda.    8ea  smooth. 

Light  breese  from  B.    81i|^tly  cloudy.    8wung  abip  both  helma. 

Gentle  B8B.  breeae.    Partly  cloudy. 

Moderate  B8B.  breeae,  diminiihing.    Partly  cloudy. 

Calm.    Cloudy,  aqualla  and  rain  p.  m. 

Light  breeae  from  E8E.    8gually. 

Calm  and  aqualla. 

Calm  and  li^t  airs  from  ESB.    Cloudy. 

Gentle  breeae  ESB.  Tacking  ship  and  beating  up  against  wind  to  dear 
New  Hebridea  Isianda. 

Moderate  B.  breese.    Squally.    Sailing  doee  to  wind  to  dear  New  Hebridea 


Moderate  wind  B.  by  8.    Generally  cloudy. 

Lii^t  breeaea  generally  SB.    Heavy  squall  p.  m.    Overcaat  and  rain. 

Cahn.    Partly  cloudy. 

Lil^t  airs  and  calm.    Cloudy  a.  m.,  dearing.    Sea  amooth. 

Calm.    Clear. 

Calm.    Clear. 

Calm.    Partly  doudy. 

Light  aire  from  B.  and  ESB.     Sea  smooth.     Crossed  tropic  of  Capricorn  this 

p.  m. 
Li^t  breese  from  BSE.  to  E.    Moetly  dear.    Swung  ship  p.  m. 
Li^t  airs,  B.  by  N.  to  NB.    Partly  doudy. 
Light  aire  NB.  to  NNW.    Partly  cloudy. 
Light  breeae  from  8.  to  SSB.    Cloudy,  partly  clearing  p.  m. 
light  breeae  from  SSB.  to  a  by  W.    Clear.    Sea  smooth. 
Cahn.    Clear. 

Light  aire  from  B.  by  8.  to  SB.    Clear. 
Light  breeae,  B.  by  8.    Clear. 
Light  breeae  from  SB.    Cloudy. 
Light  airs  from  NB.    Cloudy,  overcast  p.  m. 
Moderate  breeae  from  NNB.  to  NW.     Overcast  and  threatening,  with 

falling  barometer. 
Stiong  SB.  breeae,  ahifting  from  BSE.  to  SSB.    Tacking,  trying  to  beat 

through  Cook  Strait  against  head-wind. 
Beating  throui^  Cook  Strait  against  head-wind. 
Beating  through  Cook  Strait  against  wind  and  tide. 
Gentle  N.  breeae.    Cloudy.    Sailing  along  coast  of  South  Island,  New 

Zealand. 
Moored  alongside  breakwater  in  Port  Lyttdton  Harbor  at  4  p.  m. 


Total  diatance,  8,436  milea.    Time  of  passage,  48.1  dajra.    Average  day's  run,  79.7  miles. 
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OcKAN  Magnetic  Obssbvations,  1905-16 


Post  LTrnn;rov  to  Gallao. 


Noon  position 

Day's 
run 

Data 

Lat. 

Long. 

RsmailDi 

E.  of  Gr. 

1908 

e 

/ 

o 

/ 

mUm 

Jan.  17 

Lyttelion  . 

9^  30^  a.  m.  left  Port  Lyttelton  under  tow.  from  fafeakwater  and  halfway  down 

*"^*  ^ 

•  •  #  c 

ohanneL    8ailed  out  with  good  8W.  breeae. 

18 

43 

20  8. 

177 

37 

209 

Moderate  8.  wind.    8qually.    Sea  roui^.    Showers.    Ship  yawing. 

18 

43 

018. 

180 

13 

116 

Calm.    Partly  doudy.    Crossed  180th  meridian  about  1  a.  m. 

19 

42 

45  8. 

182 

03 

82 

Light  8W.  breese,  inereasing.    Partly  doudy. 

20 

42 

46  8. 

186 

48 

209 

8ti£F  wind  from  NNW.  Squally.  Taokle  on  main  boom  gave  away,  with 
damage  to  boom.    Starboard  log  earned  away. 

21 

42 

08  8. 

192 

32 

257 

FVesh  8.  breese.    Partly  doudy.    Rough  sea. 

22 

41 

42  8. 

196 

23 

174 

Moderate  NW.  breese.    Overcast.    Ship  rolling  and  yawing  badly. 

23 

41 

36  8. 

200 

57 

205 

Moderate  NW.  breese.    Overcast  and  drissUng.    Sea  roui^. 

24 

42 

12  8. 

205 

39 

213 

Gentle  NW.  Iveese.    Mostly  dear. 

26 

42 

04  8. 

208 

21 

120 

Calm.    Partly  doudy. 

26 

42 

02  8. 

209 

26 

48 

Calm.    Overcast  and  foggy. 

27 

42 

518. 

211 

22 

99 

Light  N.  by  E.  breese.    Overcast  and  foggy.    Swung  ship  both  hdms. 

28 

43 

13  8. 

213 

18 

88 

light  variable  airs,  to  gentle  SSE.  breese.    Overcast. 

29 

42 

36  8. 

217 

46 

200 

Moderate  gale,  abating,  from  SSE.  Overcast  and  threatening.  Sea 
rough;  p.  m.  partly  doudy. 

30 

42 

20  8. 

222 

28 

209 

Moderate  8.  to  S8W.  breese.    Overcast 

31 

42 

07  8. 

224 

81 

92 

Calm.  Owcast.  Attempt  to  swing  by  laundi  abandoned  on  account  of 
heavy  swell. 

Feb.     1 

42 

08  8. 

224 

47 

12 

Calm.    Overcast. 

2 

42 

29  8. 

225 

37 

43 

Calm.    Overcast,  breaking  at  sunset. 

8 

43 

17  8. 

226 

48 

71 

Calm  a.  m.    Moderate  NE.  breese  later.    Overcast  and  hasy. 

4 

45 

07  8. 

227 

58 

121 

Light  breese  from  E.    Overcast  and  hasy. 

6 

44 

43  8. 

229 

32 

71 

Gentle  breese  SE.  to  8.  by  W.    Partly  doudy.    Swung  ship. 

6 

44 

09  8. 

232 

16 

122 

Light  breese,  increasing  SW.  to  N.  by  W.    Partly  doudy. 

7 

43 

22  8. 

237 

03 

212 

Stiff  to  fresh  northeiiy  wind.  Sea  rough.  Overcast.  Barometer  falling  and 
wind  rising. 

8 

43 

12  8. 

241 

48 

208 

Barometer  continued  to  fall  steadily.  Heavy  gale  at  3  a.  m.  from  NNW. 
At  5  p.  m.  lower  topsail  carried  away.  Gale  continued  to  midnight. 
Scudding  before  wind  at  10  knots  under  bare  poles. 

9 

42 

12  8. 

246 

11 

202 

Gale  abated  somewhat  at  4  a.  m.  Partly  doudy.  Mountainous  seas  through- 
out day. 

10 

41 

118. 

248 

42 

128 

Gentle  NW.  breese.    Overcast    Long  swells.    Ship  rolling  and  yawing. 

11 

41 

09  8. 

252 

13 

160 

Storm  from  NN  W .  All  sails  made  fast  except  storm  staysail.  Abated  about 
10  a.  m.    Overcast.    Choppy  sea. 

12 

38 

48  8. 

253 

46 

158 

Gentle  SW.  breese.    Overcast  and  squally. 

13 

36 

58  8. 

255 

30 

137 

Light  breese  SE.  to  ENE.    Overcast  breaking  p.  m. 

14 

36 

26  8. 

256 

18 

50 

Gentle  northerly  breesee  to  calm.    Overcast  breaking  at  nightfall. 

15 

37 

09  8. 

257 

54 

88 

Light  northeasterly  breeses.    Mostly  overcast. 

16 

37 

39  8. 

259 

19 

74 

Calm.    Partly  doudy. 

17 

36 

55  8. 

259 

05 

45 

Light  E.  to  NE.  breeses.  Partly  doudy.  Swung  ship  at  sunrise  for  declina- 
tion.   Swung  later  for  intensity. 

18 

36 

46  8. 

259 

10 

10 

Calm.    Cloudy. 

19 

35 

14  8. 

261 

08 

133 

Light  airs  WNW.    Partly  doudy. 

20 

34 

06  8. 

262 

40 

102 

Light  airs  WNW.    Partly  doudy. 

21 

33 

38  8. 

263 

49 

64 

Light  airs  northwesterly.     Partly  doudy. 

22 

33 

06  8. 

264 

53 

62 

Calm.    Partly  doudy. 

23 

32 

38  8. 

265 

21 

37 

Light  airs  S.  and  SE.     Partly  doudy. 

24 

31 

03  8. 

266 

39 

116 

Light  breeses  SE.  to  NNE.     Partly  doudy. 

25 

28 

39  8. 

267 

59 

160 

Stiff  breese  E.  by  N.    Squally.    Rough  sea.    Ship  jrawing  badly. 

26 

26 

518. 

268 

00 

108 

Light  NE.  breese.    Overcast  and  squally. 

27 

25 

56  8. 

268 

19 

58 

Gentle  easterly  breeses.    Overcast  and  squally. 

28 

24 

29  8. 

268 

42 

89 

Shifting  winds  WNW.  to  E.  Could  not  hold  heading  long  enough  for 
observations.     Mostly  overcast. 

29 

22 

26  8. 

269 

54 

140 

Gentle  breeses  ESE.  to  E.  Overcast  breaking  towards  evening,  permitting 
obeervations. 

Mar.    1 

20 

37  8. 

271 

11 

130 

Gentle  breeses  from  E.  by  8.    Overcast  with  squalls  a.  m. 

2 

19 

14  8. 

272 

15 

102 

Calm.    Overcast  and  squally. 

3 

18 

518. 

272 

56 

45 

Calm.    Cloudy. 

4 

18 

36  8. 

273 

52 

55 

Light  airs  from  SE.  by  E.    Cloudy. 

5 

18 

05  8. 

275 

26 

94 

Light  airs,  mostly  SE.    Partly  doudy.    Sea  smooth. 

6 

17 

22  8. 

277 

02 

101 

Light  airs  from  ESE.  Partly  doudy.  Swung  ship  at  sunrise  for  dedination, 
later  for  intensity,  both  helms. 

7 

16 

16  8. 

278 

35 

111 

Tiight  airs  from  ESE.    Overcast 

8 

15 

13  8. 

280 

03 

105 

Light  airs  generally  ESE.    Partly  doudy. 

9 

13 

48  8. 

282 

12 

151 

Moderate  breese  ESE.  and  E.  by  8.    Partly  doudy. 

10 

CalUo 1 

105 

Sighted  land  at  dawn.    Sailed  in  with  light  winds.     Dropped  anchor  in 

Callao  Harbor  at  4^  39"  p.  m. 

Total  distance,  6,301  miles.    Time  of  passage,  54.3  das^    Average  day's  run,  116.0  milaa. 


Abstbactb  of  Lochs  or  thb  Oauixb 
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Callao  to  84ir  FkAMonoo. 


Noon  poflitioii 

Dftto 

Daj't 

R«oiarki 

1 

Ut. 

Lone. 

run 

B.of  Or. 

1908 

o 

# 

o 

f 

mUn 

Apr.    6 
6 

Cid 
11 

\mo,  . . . 

8et  tail  5  p.  m.,  Callao  for  8aii  Frmndsoo.    light  mx%  from  8. 
Light  to  gentle  breeM  from  8E.    Overoaet,  puily  deering. 

30  8. 

282* 

"lY 

"-io" 

7 

11 

18  8. 

280 

20 

117 

Gentle  breeee  8E.    Partly  eloudy. 

8 

10 

22  8. 

277 

50 

158 

Light  8B.  breeie.    Clear,  clouding  p.  m. 

0 

0 

30  8. 

276 

16 

160 

Moderate  8E.  bfeese.    Oreroaft,  breaking  away.    8wung  ihip  p.  m.  both 
hehna. 

10 

8 

67  8. 

272 

34 

164 

Gentle  8B.  breeie.    Clouds.    8ea  moderate. 

11 

8- 

12  8. 

260 

52 

166 

Moderate  breeae  from  8B.    Oreroaat.    8ea  moderate. 

12 

7 

36  8. 

267 

24 

151 

Moderate  8E.  breeie.    Oreroaat.    8ea  moderate. 

13 

6 

30& 

264 

02 

205 

Moderate,   E8B.    breeie.     Overeaat.    8ea  moderate.    8wung  ship   both 
helms. 

14 

5 

47  8. 

260 

43 

202 

Gentle  breeie  from  8B.    Partly  cloudy.    8ea  moderate. 

16 

6 

15  8. 

257 

58 

167 

Moderate  breeie  E.  by  8.  and  8E.    Partly  cloudy.    Overcast  and  squalls 
early  p.  m. 

16 

4 

57  8. 

256 

33 

146 

Gentle  breeie  ESE.  to  SE.    Partly  cloudy. 

17 

4 

28  8. 

263 

06 

150 

Gentle  breeae  B.  by  8.  to  8E.    Oreroast,  breaking  away  and  squaUs  p.  m. 
8wung  ship  on  6  headings,  port  helm,  and  on  5,  starboard  helm. 

18 

3 

40  8. 

251 

27 

105 

Light  8E.  breese.    Overcast,  with  passing  showers.    8ea  smooth. 

10 

2 

50  8. 

240 

00 

150 

Light  breeie  8K.    Overcast  and  squally. 

20 

1 

46  8. 

247 

16 

130 

Light  breeie  8E.    Overcast.    8ea  smooth. 

21 

1 

03  8. 

246 

02 

86 

Light  airs,  variable.    Overcast,  with  squalls.    8ea  smooth. 

22 

0 

ION. 

246 

41 

01 

Calm  with  lii^t  airs  NB.  p.  m.    Generally  cloudy.    Crossed  equator  about 

7  a.  m. 
Gentle  breese  ENE.  to  ESE.    Generally  doudy.    Moderate  sea. 

28 

2 

06  N. 

246 

31 

107 

24 

4 

33  N. 

246 

11 

148 

Gentle  breeses  from  E.  to  8.     Generally  cloudy,  with  squalls  and  heavy 

• 

25 

6 

14  N. 

246 

11 

101 

nuns. 
Gentle  breeses  8E.  to  8W.    Mostly  overcast,  with  squalls  of  heavy  rain. 

26 

7 

51  N. 

246 

06 

07 

Calm  and  lig^t  8.  to  8W.  breeses.    Mostly  overcast,  with  squalls. 

27 

8 

20  N. 

246 

06 

38 

Light  airs  from  NE.  to  N  W.    Squalls  and  rain  at  intervals  through  day. 

28 

0 

33  N. 

245 

50 

64 

Light  airs  from  W.  to  8.    Squally  weather.    Smooth  sea. 

20 

10 

30  N. 

246 

04 

57 

Calm  and  lii^t  airs  from  8.  and  8W.    Rain,  squalls,  and  generally  overcast. 
Smooth  sea. 

30 

11 

44  N. 

246 

11 

74 

Calm,  not  wind  enough  for  steering.    Overcast,  breaking  somewhat.    NE. 
breese  in  evening.    Sea  smooth. 

May    1 

12 

53  N. 

245 

35 

77 

NE.  trades,  gentle,  with  occasional  squalls.    Sea  moderate. 

2 

13 

50  N. 

243 

51 

116 

NE.  trades,  moderate.    Mostly  overcast.    Sea  smooth. 

3 

15 

06  N. 

242 

23 

114 

Moderate  breese  NNE.    Cloudy,  with  occasional  breaks.    Moderate  sea. 

4 

16 

28  N. 

240 

10 

145 

Moderate  breese  from  NNE.  to  N.     Overcast  all  day.     Swung  ship,  both 

6 

17 

43  N. 

238 

23 

134 

Moderate  breeie  NE.  to  N.    Partly  doudy.    Moderate  sea. 

6 

18 

33  N. 

236 

27 

121 

Light  airs  from  N.    Overcast. 

7 

20 

ION. 

233 

43 

183 

Moderate  breese  from  NNE.     Sky  overcast     Ship  driving  into  a  heavy  sea. 

8 

22 

27  N. 

231 

64 

171 

Stiff  NE.  breese.    Overcast  and  threatening.    Sea  rough. 

0 

24 

34  N. 

220 

42 

176 

Stiff  breese  from  NNE.,  diminishing  slightly.    Sky  overcast  and  sea  rough. 

10 

26 

26  N. 

228 

06 

142 

Moderate  breese  from  NNK    Moderate  sea.     Cloudy  weather  continuee. 

11 

27 

64  N. 

226 

00 

136 

Gentle  NNE.  breese.    Cloudy  weather  continues. 

12 

20 

20  N. 

224 

36 

110 

Tight  NNE.  breese.    Overcast  all  day.    Sea  smooth. 

13 

30 

12  N. 

223 

40 

66 

Light  airs.    Overcast,  breaking  toward  evening.    Sea  smooth. 

14 

30 

24  N. 

223 

28 

22 

Calm.    Mostly  overcast. 

15 

30 

52  N. 

222 

40 

60 

Calm.    Mostly  overcast. 

16 

31 

12  N. 

222 

38 

20 

Calm.     Gentle  SSW.  breese  p.  m.     Overcast  with  sunshine  near  sunset. 
Swung  ship  both  helms. 

17 

33 

50  N. 

223 

51 

178 

Stiff  breese  from  SW.    Overcast,  with  squalls  a.  m.    Moderate  sea. 

18 

36 

43  N. 

226 

31 

168 

Moderate  NW.  breese.    Partly  doudy.    Ship  yawing  badly.    Heavy  swells 
fromNW. 

10 

86 

30  N. 

220 

64 

171 

Moderate  N  W.  breeae.    Qeoerally  overcast.    Heavy  swells  from  NW.  cause 
ship  to  yaw  badly. 

20 

37 

20  N. 

232 

05 

120 

Gentle  NW.  breese.    Sky  overcast 

21 

San  Ftandi 

100.  . . 

264 

Moderate  W.  breese.    Overcast  Sii^ted  land  at  1  p.  m.    Entered  Golden 
Gate  at  7  p.  m.  and  dropped  anchor  in  San  F^^ndsoo  Bay  at  8  p.  m. 

Total 


6,765  miles.    Time  of  passage,  46.1  days.    Average  day's  run,  126.1  miles. 
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Summary  of  Paa^ageB  far  Cnd9$  III  of  the  OalUee. 

Tablb  44. 


San  Diefo  to  Nukahiva. 

Nukahiva  to  Tahiti 

Talutito  Apia 

Apia  to  Yap 

Yap  to  Shanghai 

Shanghai  to  Sitka 

Sitka  to  Honolulu 

Honolulu  to  Jaluit 

Jaluit  to  Port  Lyttelton. 
Port  Lyttelton  to  Callao 
Callao  to  San  Frandaoo. 

Total 


Length  of 


miUi 
8.220 
772 
1362 
3,454 
1,734 
6.607 
2,708 
2,728 
3,436 
6,301 
6,785 


36,977 


Time  of 


days 
26.7 
7.8 
12.1 
30.1 
15.1 
41.2 
18.3 
23.8 
43.1 
64.3 
46.1 


318.1 


dajr'a  ran 


miU9 
121 
106 
112 
116 
116 
134 
148 
116 
80 
116 
126 


116 


Summary  of  Paseages  for  oil  Cruises  of  the  Oalileej  1906-1908. 

Table  45. 


Cniiee 


L1906 

11,1006 

in,  100&-1Q08 

Total.... 


Length  of 
paasage 


mifet 
10,571 
16,286 
36,977 


63,834 


Time  of 
passage 


day 
84 
152 
318 


554 


Average 
day's  run 


milf 
126 
107 
116 


116 


The  total  number  of  days  the  Galilee  was  in  commission  during  the  period  August  1, 
1905|  to  May  31, 1908,  is  1,035.  Since  554  days  were  spent  at  sea,  the  remaining  days,  481, 
are  to  be  ascribed  to  the  time  consumed  at  ports  in  swings  of  vessel,  shore  observations, 
computations,  alterations  and  repairs,  and  outfitting. 


AUXILIARY  OBSERVATIONS  ON  THE  GALILEE. 

Besides  observations  in  terrestrial  magnetism,  the  work  aboard  the  Galilee^  as  far  as 
time  and  conditions  would  permit,  included  atmospheric  electricity  during  the  second  half 
of  Cruise  III.  The  results  of  the  latter  work  will  be  foimd  in  the  special  report  on  results 
in  atmospheric  electricity  (see  pp.  364-366). 

Observations  were  also  made  to  determine  the  amoimt  of  atmospheric  refraction  by 
measuring  the  dip  of  the  horizon  with  the  dip-of-horizon  measurer  (Eimmtiefenmesser), 
made  by  Carl  Zeiss,  of  Jena.    A  future  special  report  will  deal  with  this  subject. 

Meteorological  observations  have  been  made  to  the  following  extent:  While  at  sea 
notes  of  the  direction  and  force  of  wind  were  made  at  intervals  of  4  hours.  At  the  same 
time  temperatures  of  the  sea-surface  and  the  air  were  recorded  with  readings  of  the  wet- 
bulb  thermometer.  In  addition  to  these  usual  meteorological  notes,  special  observations 
were  made  at  Greenwich  mean  noon  according  to  the  forms  prepared  by  the  United  States 
Weather  Bureau  for  observations  at  sea.  The  ship's  aneroids  were  controlled  by  port 
comparisons  with  standard  barometers  whenever  opportunity  afforded. 

The  Greenwich-mean-noon  meteorological  observations,  together  with  notes  on  allied 
phenomena  (storms,  polar  lights,  unusual  meteorological  events,  etc.),  have  been  regularly 
transmitted  to  the  United  States  Weather  Bureau  for  discussion  along  with  the  ocean  data 
received  by  that  Bureau  from  other  sources. 


PLATE    n 


" 

1                             •»                        S                     8                   ?J                 £                 o                 S                 ?,                   S                     5                 ^1 

f- 

1 

>                           * 

j    .-■■ 

=5         ■'' 

8 

J 

■".-."^v" 

«^?     -;:^^  (^ 

-  ■  -1 

I        "i 

1 
1 

iS-                                ( 

V-- 

,^ 

7                      *                                 --.                         V                   V 

^ 

/          :               0 

'b 

s 
s 

y               i          1^      . 

f^ 

1    \ 
1     \ 

1      1 

"       y^  -•       liP 

1       ■ 

/ 

1      \ 

A^ 

1     \ 

1  4 

."  j^y  1               • /\i       \    1    ./ 

^^Vi/     X^ 

I  A 

H    f /•<rvs' .;      >             /   II         \   \/ 

\ 

^r_     /  /v 

J(V 

X    '»"                   v*'                               '                             X 

V     -*'          '-'         f 

\              -ST.         .        . *'                                    .1                 .5 

-. 

/ 

" 

^k 

i 

7>  V  1 

^ 

^k 

/ 

X               V         ^ 

--        \     /  '^ 

u               ■■ 

'•'•                                              X    1 

\           V               ^r 

L  *                                \    '^   '                                    1              -.1 

\                    \                   ^'£  ■#  — 

^^  .                                     \    ^                                                1                S'l 

\ 

1                  l/=    ^^-^^^        ^v/     ' 

c                          i'^                                \ 

1                   NC-.-^^                   :*.>»/:                                  \          = 

^i        i/ 

• 

X       \s  -     ♦          ^                     11   = 

i.^^^ 

-'       I   h 

>N.             \/y 

1   I  ]■         :  '\-  u.  /ii    1/;         .    ^r^ii!  1 

^X     /-         /       :^;         <«#                            /-*«.^^         y,  \,    '. 

.    >w  /_•-        /        "-£         wui,      .  ^..^^   -f     ^''-^.^^^JF  .  .   " .            r 

V    ■       Mi 

S       J--  .          V                        ( 

N 

la         o  A 

- '  ;*^'^'vv;  •         \ 

I 

/  ■    -1 

.          »<                 >v      \                 \                         <-       /^      >       i?-  ,o    •    ;»  .:  I     i       •        'i-.,         * 

^^ 5^'  5  1     /                 /:                       < 

■^    ^       -^     T_   .--: 

X                   -'■          5     '                 /      -•                                                                **_ 

■■ 

=                    ;           z        d              I    V.  i-^...         v^     ^   ^^ 

^ 

1 

-i                              S                        %                     ft«ac25                   5                     z-| 

« 

r* 


1 

M 


J 


-§ 


t4 
e 


c 

1 

CO 


• 

3 


s 

s 

ha 

H 

M 

C 

o 
a 


1        •.     ..L.  . 

:  .:    1 

••     »  •      \  ■     ■    ■«     1     ;   ■ 

■'•''■■   i 

.       ^^          .  A-'  . 

.    >    4  V     1        , 

J 

1 

/•■.•■.,     I    ■     . 

i 

ft 

:  ■  :    I    .   :J    :  ■.       :.- 

•     1 

J.  1— .  J 

THE  MAGNETIC  WORK  OF  THE  CARNEGIE 

1909-1916 


BY 


L  A.  Bauer,  w.  J.  Peters.  J.  P.  ault.  and  J.  A.  Fleming 


15o 


THE  MAGNETIC  WORK  OF  THE  CARNEGIE,  1909-1916. 

GEMKAL  REMARKS. 

It  was  intimated  on  page  15  that  with  the  steady  improvement  of  the  instru- 
mental appliances  and  observational  methods,  the  chief  concern  in  accurate  ocean 
magnetic  work  centered  in  the  correct  determination  of  the  outstanding  effects 
attributable  to  ship's  magnetism.  Hence  arose  the  desire  to  have  a  strictly  non- 
magnetic ship. 

When  the  results  of  the  magnetic  observations  made  on  the  Galilee^  1905-1908, 
were  finally  deduced  and  the  time  and  cost  involved  in  the  satisfactory  determina- 
tion and  elimination  of  the  ship's  disturbing  magnetic  effects  were  considered,  it  was 
obvious  that  it  would  have  been  economy  to  postpone  the  inauguration  of  the  ocean 
magnetic  work  if  we  had  been  certain  at  the  outset  that  a  non-magnetic  ship  would 
ultimately  be  provided.  This  assiu*ance,  however,  in  view  of  the  uncertainties  pre- 
vailing at  the  beginning,  could  not  be  given. 

But  now  the  desired  ship — ^the  Carnegie — ^has  been  obtained.  Before  passing, 
however,  to  an  account  of  the  work  done  on  her  since  1909,  it  will  be  of  interest  to 
review  briefly  the  difficulties  involved  in  making  accurate  observations  on  a  moving 
support. 

The  accurate  determination  of  the  quantities  required  to  define  the  direction 
and  intensity  of  the  Earth's  magnetic  field,  at  points  on  land  where  instruments 
may  be  mounted  on  fixed  and  stable  supports,  is  a  comparatively  simple  matter. 
Having  properly  designed  instruments,  and  using  approved  observational  methods, 
the  trained  observer's  remaining  difficulty  on  land  is  the  adequate  elimination  of 
the  natural  fluctuations  and  change  taking  place  in  the  magnetic  elements  while 
he  is  measuring  them.  Fortunately,  these  magnetic  fluctuations,  except  in  rare 
instances,  are  of  a  very  subordinate  magnitude  in  comparison  with  the  values  of  the 
measured  quantities;  for  example,  in  the  value  of  the  horizontal  component  H  of 
the  intensity  of  the  Earth's  magnetic  field,  the  fluctuations  during  the  period  of 
observation  rarely  amount  to  0.2  per  cent  of  the  value  of  H.  Only  occasionally, 
when  a  severe  magnetic  storm  is  in  progress,  may  there  be  momentary  fluctuations 
amounting  to  5  per  cent  of  H.  The  effect  of  the  changes  occurring  normally  in  the 
Ekuth's  magnetic  field  may  be  reduced  by  the  method  of  observation,  and  any 
outstanding  portion  can  be  determined  with  the  aid  of  the  data  recorded  at  magnetic 
obeervatories. 

The  observer  at  sea  must  seek  not  only  to  reduce  or  eliminate  the  effects  of  the 
natural  fluctuations  in  the  Earth's  magnetic  field,  referred  to  in  the  previous 
paragraph,  but  he  must  also  endeavor  to  diminish  the  more  troublesome  effects 
caused  by  the  fact  that  he  is  obliged  to  make  his  observations  with  a  swinging 
instrument  mounted  on  a  moving  and  unstable  support.  Fortunately  the  observer 
aboard  the  Carnegie  does  not  aim  have  to  contend  with  the  difficulties  introduced 
by  a  magnetic  ship,  as  did  the  observer  on  the  Galilee. 
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A  ship  at  sea  is  never  at  rest  and  ever  partakes  of  the  motions  of  the  element 
which  supports  it.  In  quiet  waters  the  ship's  motions  are  generally  of  such  a 
nature  that,  with  the  proper  instrumental  appliances  and  observational  methods, 
it  is  possible  for  a  trained  observer  to  make  magnetic  observations  almost  as 
accurately  as  they  are  made  on  land.  The  instruments  are  mounted  on  gimbals 
(see,  e.  g.j  PI.  14,  Figs.  1  and  5)  and  ail  precautions  are  observed  respecting  control 
or  elimination  of  error  caused  by  any  lack  of  precise  level  of  instrument  during  obser- 
vations. The  observing  method  then  consists  chiefly  in  repetition  of  observations 
under  varying  conditions  and  for  various  reversals  of  instrument,  or  of  magnet,  for 
a  period  sufficiently  long  to  eliminate  the  harmonic  efifects  of  the  ship's  motions. 
This  is  usually  accomplished  in  20  to  45  minutes,  the  time  depending  on  the  instru- 
ment used  and  the  conditions  encountered. 

Ideal  conditions  for  ocean  magnetic  work  are  not  necessarily  periods  of  calms. 
Dining  such  times  a  vessel  depending  chiefly  on  sail  power  for  headway  can  not 
hold  a  steady  course.  In  consequence,  frequent  and  rapid  rensettings  of  instruments 
are  required  or  else  the  changes  in  the  headings  of  the  ship  must  be  continuously 
recorded  and  allowed  for  in  the  computations. 

Under  the  usual  conditions  at  sea,  observations  are  more  or  less  difficult,  owing 
to  the  effects  produced  by  the  rolling,  pitching,  and  yawing  of  the  vessel.  Were 
one  to  wait  for  ideal  conditions,  many  dajrs  would  elapse  between  observations,  and 
long  stretches,  barren  of  results,  would  occur  in  a  voyage.  Accordingly,  instru- 
ments and  methods  must  be  designed  and  planned  to  meet,  at  least,  the  usual 
conditions  and  to  secure  the  accuracy  required  for  both  practical  and  scientific 
purposes.  Instruments  should  be  designed  with  a  view  to  diminishing  the  probable 
dynamic  effects  in  the  observational  results  produced  by  the  ship's  motions. 
Improvements  in  this  direction  are  possible  to  a  certain  extent  by  avoiding  unsym- 
metrical  distribution  of  mass  in  magnets  about  their  centers  of  motion.  The 
practical  application  of  this  principle  is  limited,  however,  by  the  changing  values 
of  the  magnetic  elements  as  the  vessel  sails  from  place  to  place. 

In  order  to  make  observations  in  all  conditions  of  sea  and  weather,  the  instru- 
ment and  observer  must  be  effectively  sheltered  from  storm,  direct  sun  rays,  and 
spray.  The  stand  with  its  gimbal  rings  to  receive  the  instrument  must  be  oriented 
carefully  with  outer  trunnions  athwartship.  The  instrument  is  finally  moimted  and 
leveled  while  the  vessel  is  in  quiet  waters.  It  is  then  ready  for  use  under  sea 
conditions,  as  nearly  perfect  as  is  at  present  possible. 

The  specimens  of  observations  on  pages  212-225  and  discussions,  pages 
434-437,  will  serve  to  give  some  idea  as  to  how  well  the  difficulties  caused  by 
ship's  motions  have  been  overcome. 

All  the  effects  above  briefly  discussed,  whether  caused  by  natural  fluctuations 
or  artificial  ones  introduced  by  a  moving  vessel,  while  all  of  sufficient  magnitude  to 
be  taken  into  consideration,  are,  in  terrestrial  magnetism,  generally  of  a  subordinate 
nature  to  the  values  of  the  primary  quantities  themselves.  In  atmospheric  elec- 
tricity, however,  the  fluctuations  resulting  from  both  natural  and  artificial  causes  are 
of  the  order  of  magnitude  of  the  primary  elements  measured.  The  observational 
difficulties  in  this  subject  will  be  found  discussed  in  a  special  report  (see  pp.  361-422) . 
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The  name  given  to  the  vessel,  Carnegie^  was  the  result  of  careful  consideration. 
At  one  time  it  was  proposed  to  call  the  vessel  the  Franklin,  which  would  have  been 
quite  appropriate  in  view  of  the  interest  in  physical  science  of  the  illustrious  pioneer 
investigator  of  atmospheric  electricity.  However,  there  were  already  several  vesseb 
named  Franklin  and  it  was  finally  thought  best  to  give  the  magneticHsurvey  vessel  a 
name  which  would  identify  her  specifically  with  the  institution  to  which  she  belongs* 

August  21,  1909,  the  builder  formally  turned  over  the  Carnegie  to  the  Director 
of  the  Department  of  Terrestrial  Magnetism,  acting  in  behalf  of  the  Institution, 
and  on  this  day  she  entered  on  her  trial  cruise.  Thus,  in  15  months  from  the 
cessation  on  June  1,  1908,  of  the  ocean  work  begun  in  the  Pacific  Ocean  on  the 
Galilee  in  1905,  a  new  and  special  vessel  had  been  built  and  fully  equipped,  and  the 
ocean  magnetic  survey  could  be  resumed. 

DESCRIPTION  OF  THE  CARNEGIE. 

The  principal  dimensions  of  the  Carnegie  are:  Length  over  all,  155  feet  6 
inches;  length  on  load  water-line,  128  feet  4  inches;  extreme  breadth,  33  feet  6 
inches;  depth  of  hold,  12  feet  9  inches,  with  a  mean  draft  of  12  feet  7  inches,^  and  a 
displacement  of  568  tons  with  all  stores  and  equipment  on  board.  Her  hnm,  as 
will  be  seen  from  the  frontispiece  and  Plate  7,  Figure  3,  and  Plate  15,  Figure  l,  are 
fair  and  easy,  running  in  an  unbroken  sweep  from  stem  to  stem,  and.  showing 
strength  and  seagoing  qualities  throughout.     (See  also  Figs.  8  and  9.) 

All  the  materials  entering  into  the  construction  of  the  vessel  are  non-magnetic 
and  are  the  very  best  of  their  kind.  The  hull  is  constructed  as  thoroughly  and 
substantially  as  any  merchant  vessel  afloat,  the  scantlings  being  the  same  as  those 
required  by  the  American  Bureau  of  Shipping  for  merchant  vessels  of  equal  tonnage. 
The  keel,  stem,  stem  post,  frames,  and  dead-wood  are  of  white  oak,  grown,  cut,  and 
sawed  in  Greater  New  York — ^at  Jamaica  Plains — ^within  12  miles  of  the  place  where 
the  vessel  was  built;  the  deck  beams,  planking,  and  ceiling  are  of  yellow  pine,  and 
the  deck  is  of  Oregon  pine  in  long  lengths,  comb-grained.  The  keel  (see  Rg.  9  and 
PL  8,  Fig.  5)  is  12  by  18  inches,  and  to  this  is  fitted  a  false  keel,  12  by  4  inches.  There 
are  two  center  keelsons,  each  12  by  14  inches,  and  two  assistant  keelsons,  12  by  12 
inches.  The  garboard  strakes  are  6  by  12  inches,  rabbeted  into  the  keel.  The  plank- 
ing on  the  bottom  is  3  inches  thick;  at  the  bilge  4  inches,  and  on  the  sides  33^  inches. 
The  ceiling  in  the  bottom  is  3  inches  thick,  at  the  bilge  6  inches,  and  on  the  sides  4 
inches.  The  main  deck  beams  are  8  by  10  inches,  with  a  crown  of  33^  inches  at  the 
center  of  the  ship.  They  are  joined  to  the  frames  with  hackmatack  knees  of  8-inch 
siding. 

The  fastenings  consist  of  locust  treenails,  copper  and  Tobin-bronze  bolts,  and 
composition  spikes,  all  through  bolts  being  riveted  over  rings,  both  inside  and 
outside.  All  metal  deck  fittings  and  the  metal  work  on  the  spars  and  rigging  are  of 
bronze,  copper,  and  gunmetal  (see  PL  10). 

The  vessel  has  full  sail  power  with  a  brigantine  rig,  carrying  just  under  12,900 
square  feet  of  plain  sail.  Her  spar  plan  measures  122  feet  from  foremast  truck  to 
the  water  surface,  and  201  feet  from  the  forward  end  of  the  bowsprit  to  the  aft  end 

^Thifl  was  increased  in  1914  about  15  inches. 
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of  Uie  main  boom.  The  distance  from  the  forward  end  of  the  bowsprit  to  the 
forward  aid  of  the  load  water-line  is  48  feet;  from  the  forward  end  of  the  load  water- 
line  to  the  foremast  35  feet;  from  the  foremast  to  the  mainmast  48  feet.  The  rigging 
is  of  Russian  hemp.  Figure  8  shows  the  sail  plan.  (See  also  Plate  7,  Figure  3, 
Plate  8,  Figure  1,  Plate  15,  Figure  1,  and  Plate  17,  Figures  2  and  5.) 

It  was  decided  to  install  auxiUary  propulsion  for  use  in  entering  or  leaving  ports 
and  to  prevent  interruptions  in  the  observations  by  maintaining  desired  headway 
during  calms.  The  necessity  of  providing  auxiliary  propulsion  which  would  be 
nearly  non-magnetic  in  character  made  the  selection  of  the  type  of  the  plant  a 
rather  difficult  matter.  Steam  was  precluded  on  account  of  the  necessarily  high 
magnetic  nature  of  a  steam  plant.  The  only  type  of  prime  mover  at  the  time 
(1909)  which  could  be  economically  built  and  maiutained  in  reliable  operation  with 
a  minimum  of  non-magnetic  metals  in  its  construction  appeared  to  be  an  intemal- 
oombustion  ei^;me.    (See  PI.  8,  Figs.  2-5.) 


Fia.  8.— Sail  Plui  of  the  CHTMgi& 

Consideration  of  the  available  fuel  for  such  a  motor  resulted  in  the  elimination 
of  gasoline  or  oil,  not  only  on  account  of  cost,  but  also  because  they  would  be  usually 
unavailable  in  the  sones  to  be  covered  by  the  Carnegie,  as  well  as  dangerous  in  the 
quantities  which  would  have  to  be  stored  for  the  lengthy  voyages  contemplated. 
A  careful  investigation  showed  that  a  gas-producer  for  marine  purposes  could  be 
built  which  would  generate  from  anthracite  coal  a  suitable  gas  for  use  in  internal- 
combustion  engines  and  that  such  a  plant  could  be  constructed  almost  entirely  of 
non-magDetic  matmals.  The  suction  type  of  gas-producer  was  adopted,  principally 
because  of  its  simplicity  in  construction  and  operation  and  on  account  of  eliminating 
as  much  as  possible  other  auxiliary  apparatus. 
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A  4-cyUnder  Craig  internal-combustion  engine  of  150  horsepower  (PI.  8,  Fig.  4), 
sufficient  to  give  the  vessel  a  speed  of  6  knots  in  c^m  weather,  was  installed.  The 
gas-producer  was  furnished  by  the  Marine  Producer-Gas  Compuiy  of  New  York 
and  consists  of  a  cylinder  6  feet  high  with  a  diameter  of  5  feet  6  inches,  built  of 
copper,  with  asbestos  and  firebrick  lining  and  manganese-steel  grates.  Anthracite 
coal  is  used  as  fuel,  the  gas  being  generated  in  the  producer,  taken  throu^  a 
"scrubber,"  and  used  explosively  in  the  internal-combustion  en^ne.  The  vessel 
carries  30  tons  of  coal  in  her  bunkers.  Non-magnetic  manganese  steel  was  used  for 
the  doors,  grate,  and  small  parts  of  the  producer.  The  only  magnetic  material  used  in 
the  construction  of  the  bronze  engine  is  in  the  steel  valves,  piston-rings,  cam-springs, 
and  cam-rollers.  The  total  magnetic  material  was  less  than  600  pounds.  Plate  8, 
Figures  2-5,  shows  the  various  parts  and  general  arrangement  of  the  power  plant. 


Fio.  9. — iDboard  ProfilB,  GananJ  Amuigamsnt,  ftad  Desk  PUn  of  th«  Cainaije. 

The  ground  tackle  comprises  4  manganese-bronze  anchors  of  special  design — 2 
being  of  1,900  pounds  each,  1  of  1,335  pounds,  and  a  kedge  anchor  of  340  pounds. 
Three  11-inch  cables,  each  120  fathoms  in  length,  are  required  for  these  anchors. 
The  hawse-pipes,  boat  davits,  chain  plates,  and  aU  metal  deck  fittings  are  of 
bronze.  A  fisherman's  windlass  (see  PI.  10,  Fig.  4,  and  PI.  IS,  Fig.  2),  constructed  of 
wood  and  brass,  is  used  to  weigh  anchor.  (A  view  of  propeller  blades  is  shown  on 
PI.  17,  Fig.  3.) 
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The  boat  equipment  consists  of  two  non-magnetic  20-foot  whaleboats  and  one 
16-foot  non-magnetic  gig  (see  PL  9) . 

There  was  provided  a  refrigerating  plant  constructed  of  bronze  and  copper  and 
operated  by  a  G-horsepower  engine,  especially  designed  and  built  of  brass  and  bronze. 

All  living  quarters  are  below,  the  ventilation  and  lighting  being  obtained  by 
means  of  a  cabin  trunk  on  deck  about  42  feet  8  inches  in  length,  16  feet  6  inches  in 
width  and  3  feet  in  height,  and  safety  is  secured  by  means  of  6  transverse  watertight 
bulkheads  dividing  the  vessel  into  7  compartments.  The  sailing  officers'  and  crew's 
quarters  are  forward,  42  feet  in  length  and  occup3ring  the  full  width  of  the  vessel; 
next  are  the  quarters  for  the  scientific  staff,  38  feet  in  length  and  extending  the  full 
width  of  the  vessel;  and  abaft  of  these  is  the  machinery  space,  23  feet  in  length. 
The  Uving  quarters  have  been  planned  to  give  good  accommodations  for  all,  and  are 
fitted  with  the  necessary  conveniences  for  long  cruises.  Figure  9  gives  the  inboard 
profile  of  the  Carnegie  and  shows  the  general  arrangement  of  the  vessel  and  her 
deck  plan.    (See  also  Pis.  9, 10,  and  15.) 

There  are  2  galleys,  one  aft  for  the  scientific  personnel  and  the  other  forward 
for  the  watch  officers  and  crew,  especially  designed  cooking  ranges  of  bronze  and 
copper  being  provided.  The  gaUey  utensils  are  made  of  aluminum  or  copper  and 
the  cutlery  is  of  Mexican  silver. 

Of  special  interest  is  the  observation  room,  or  deck  house,  located  on  the  main 
deck  amidships,  forward  and  aft  of  which  are  circular  observatories  with  revolving 
domes  not  unlike  those  of  astronomical  observatories  (see  Pis.  7, 9, 15,  and  16).^  It 
is  thus  possible  to  make  magnetic  observations  both  in  the  open  and  under  shelter. 
The  observation  room  is  14  feet  6  inches  long  and  16  feet  wide.  The  observatories 
are  circular,  7  feet  6  inches  in  diameter,  each  fitted  with  a  revolving  dome,  con- 
structed of  bronze  framework  and  plate  glass  so  arranged  as  to  permit  sighting, 
whenever  desirable,  on  celestial  or  terrestrial  objects  in  magnetic-declination  work. 
The  joiner-work  is  of  white  pine,  painted,  with  hardwood  trimmings  finished 


The  positions  of  the  stands  for  the  various  instruments  have  been  so  chosen 
that  any  effect  resulting  from  the  small  amount  of  iron  in  the  engine,  which  could 
not  be  replaced  by  non-magnetic  material,  is  negligible.    (See  pp.  202-203.) 

To  eliminate  further  any  possible  magnetic  effect,  empty  spaces  are  arranged 
around  and  below  the  instrument  stands,  making  it  impossible  for  any  one,  except 
the  observers,  to  come  closer  than  about  8  feet  to  the  magnetic  instruments  while 
observations  are  in  progress. 

The  total  cost  of  the  Carnegie^  fully  equipped,  approximated  $115,000. 

-*■ 

^In  1915  there  was  added  abaft  the  after  obeervinc-dome  an  obeervation-house  for  the  atmospherio-eleotrio  work  (see  p. 
370  aod  PL  22.  Fig.  1). 


SYNOPSES  OF  THE  CARNEGIE'S  CRUISES.  1909-1916. 

CRUISE  I,  SEPTEMBER  1909  TO  FEBRUARY  1910. 

During  the  period  August  21  to  September  10,  1909,  various  tests  and  trials  of  the 
vessel  were  made  in  Long  Island  Sound  and  Grardiners  Bay,  and  some  alterations  to 
machinery  were  effected  at  New  London,  Connecticut;  the  Carnegie  left  ibe  latter  place 
on  September  11.  The  swing  observations  for  the  purpose  of  testing  the  absence  of 
observable  deviations  were  made  in  Gardiners  Bay  from  August  31  to  September  2.  W.  J. 
Peters,  who  had  been  in  charge  of  the  GalUee  during  Cruises  II  and  III,  was  placed  in 
command  of  the  Carnegie.  He  was  assisted  by  J.  P.  Ault,  magnetidan;  C.  C.  Craft, 
surgeon  and  observer;  E.  Kidson  and  R.  R.  Tafel,  observers;  and  D.  F.  Smith,  chief 
engineer.  The  sailing  staff  consisted  of  C.  E.  littlefield,  sailing  master;  2  watch  officers; 
8  seamen;  1  mechanic,  and  2  cooks.  During  the  trial  period  of  the  installations  on  the 
Carnegie  in  Long  Island  Sound  and  on  the  trip  to  St.  John's,  the  Department  was  fortunate 
in  securing  also  the  temporary  services  of  Carl  D.  Smith,  expert  in  gas  engines.  The 
Director  accompanied  the  vessel  on  the  trip  from  St.  John's,  Newfoundland,  to  Falmouth, 
England.    (For  views  referring  to  Cruise  I,  see  PL  7,  Figs.  3-5.) 

Encountering  headwinds  and  calms,  the  Carnegie  arrived  at  St.  John's,  Newfoundland, 
on  September  25,  entering  the  harbor  with  her  own  power.  After  the  completion  of  the 
shore  work  at  St.  John's,  the  vessel  left  on  October  2,  bound  for  Falmouth.  The  passage, 
in  general,  was  rough,  westerly  gales  being  an  almost  daily  experience;  still  the  trip  was 
made  in  less  than  12  days,  the  average  daily  run  being  159  nautical  miles.  Magnetic 
observations  were  secured  on  every  day  but  one.  On  October  18  the  vessel  was  swung 
outside  of  Falmouth  Harbor,  the  results  confirming  those  at  Gardiners  Bay  and  proving 
most  satisfactorily  that  non-magnetic  conditions  had,  indeed,  been  secured  at  the  various 
positions  for  the  instruments.  The  results  were  also  in  excellent  agreement  with  those 
derived  from  the  Rucker  and  Thorpe  magnetic  survey  of  the  British  Isles,  when  referred 
to  date  of  observation  with  the  aid  of  the  records  of  the  Falmouth  Magnetic  Observatory. 
This  Observatory  rendered  valuable  assistance  in  various  ways. 

Both  at  St.  John's  and  Falmouth  the  Carnegie  was  visited  by  eminent  persons.  The 
Governor  and  the  Premier  of  Newfoimdland  made  special  visits,  and  at  Falmouth  official 
visits  and  inspections  were  made  by  the  late  Sir  Arthur  Rucker  and  Professor  Arthur 
Schuster,  both  at  the  time  members  of  the  Advisory  Council  of  the  Department,  as  also 
by  Commander  Chetwynd,  superintendent  of  the  Compass  Department  of  the  British 
Admiralty.  Special  courtesies  were  extended  to  the  vessel  at  both  ports.  As  she  left 
St.  John's,  messages  of  farewell  and  of  wishes  for  a  pleasant  voyage  were  hoisted  on  H.  M.  S. 
Brilliant  (Capt.  Haworth  Booth  in  command),  and  on  Cabot  Tower  on  Signal  Hill, 
above  the  narrow  entrance  to  the  harbor. 

The  Carnegie  left  Falmouth,  England,  upon  the  completion  of  the  work  there,  on 
November  9,  1909,  and  arrived  at  Funchal,  Madeira,  on  November  24.  Owing  to  the 
pronounced  local  disturbances  at  Funchal,  no  standardization  observations  were  made. 
The  longest  passage  of  the  Carnegie's  first  cruise,  viz,  between  Funchal  and  Hamilton, 
Bermuda,  was  completed  between  December  1,  1909,  and  January  7,  1910,  under  very 
favorable  conditions  for  observing.  The  constants  of  the  instruments  were  determined 
at  Agar's  Island  and  Hunt's  Island  and  the  final  passage  of  the  first  cruise  to  New  York 
was  begun  on  January  28, 1910.  After  a  very  stormy  trip,  which  proved  the  seaworthi- 
ness of  the  vessel,  the  Carnegie  came  to  dock  in  Brooklyn  on  February  17,  1910. 

Owing  to  the  great  advantage  of  having  a  vessel  requiring  no  deviation-correction 
whatsoever,  and  because  of  the  perfection  reached  in  the  instruments  themselves,  it  was 
possible,  for  the  first  time,  to  make  the  results  known  immediately  upon  the  conclusion 
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of  a  voyage.  Thus  the  magnetic  data  obtained  on  the  trip  from  Long  Island  Sound  to 
Fafanouth  (September  l-October  18)  were  communicated,  on  arrival  of  the  vessel  at  Fal- 
mouth October  2,  to  the  leading  hydrographic  establishments  of  the  world,  were  laid  before 
the  Russian  Geographic  Society  at  Petrograd  by  General  Rykatchew  on  October  27,  and 
were  published  in  Nature  on  October  28. 

Errors  of  importance  to  the  navigator  were  f  oimd  on  the  Carnegie's  first  cruise.  Thus, 
akmg  the  track  followed  by  the  Atlantic  liners  from  England  to  a  point  off  Newfoundland, 
the  magnetic  charts,  in  general,  showed  too  large  westerly  declination  (variation  of  the 
compass),  the  error  reaching  nearly  a  degree.  From  there  to  Long  Island  the  charts  gave 
systematically  too  small  westerly  declination  or  variation  of  the  compass,  by  amounts 
reaching  1  ?5  in  the  maximum.  Owing  to  the  peculiar  and  systematic  nature  of  the  errors, 
their  effect  was  always  to  set  a  vessel  toward  Sable  Island  or  Newfoxmdland,  when  her 
course  had  to  be  shaped  entirely  by  compass  and  log,  as  is  the  case  in  time  of  fog  or  cloud. 
Some  of  the  skilled  captains  of  our  ocean  liners  had  suspected  the  possibility  of  such  errors, 
but  the  Carnegie  definitely  proved  and  published  the  fact  and  revealed  the  cause.  For 
long  stretches  on  other  portions  of  the  cruise,  systematic  and,  hence,  cumulative  errors 
were  disclosed,  the  mariners'  charts  of  the  compass  direction  being  found  in  error  at  times 
as  much  as  2""  to  2?5. 

The  chart  errors  in  magnetic  dip  amounted  to  1?5  to  2?5,  and  in  the  horizontal  com- 
ponent of  the  Earth's  magnetic  force  the  error  at  times  reached  nearly  one-tenth  part. 
The  enrors  found  in  the  three  magnetic  elements  were  partly  due  to  errors  in  the  assiuned 
values  of  the  secular  variation. 

The  total  length  of  Cruise  I  was  9,600  nautical  miles;  the  time  at  sea  (not  counting 
stoppages  at  ports)  was  96  days;  hence,  the  average  dajr's  run  was  100  miles.  (See 
abstract  of  log  and  summary,  pp.  330-332.) 

CRUISE  II  JUNE  1910  TO  DECEMBER  1913. 

The  alterations  and  additions  found  desirable  as  the  result  of  the  first  cruise  were 
completed  in  time  to  permit  the  Carnegie  to  set  out  from  Brooklyn  upon  a  three-years' 
circumnavigation  cruise  on  June  20,  1910,  under  the  command  of  W.  J.  Peters.  In  con- 
nection with  these  alterations,  which  were  almost  wholly  in  the  auxiliary  propulsion  plant 
and  its  general  arrangement,  acknowledgment  must  be  made  of  the  cordial  and  effective 
assistance  rendered  by  the  architect  of  the  Carnegie,  H.  J.  Gielow;  by  the  constructing 
firm,  the  Tebo  Yacht  Basin  Company,  then  xmder  the  management  of  Wallace  Downey; 
by  C.  D.  Smith  and  W.  C.  Bauer,  consulting  engineers;  by  James  Craig,  Jr.,  the  builder 
oi  the  en^e;  and  by  D.  F.  Smith,  the  engineer-in-charge. 

The  Carnegie  first  proceeded  to  Greenport,  Long  Island,  and  swung  ship  in  Gardiners 
Bay  on  June  22,  23,  and  25,  at  the  same  place  as  in  the  preceding  year.  She  was  visited 
and  inspected  at  Greenport  by  President  Woodward  in  company  with  the  Director.  Having 
completed  the  determinations  of  instrumental  constants,  course  was  set  on  June  29  for 
Vieques,  Porto  Rico,  via  latitude  34^  north  and  longitude  46^  west.  After  an  unusually 
favorable  passage,  dming  which  observations  of  the  three  magnetic  elements  were  i>ossible 
on  all  but  two  days,  Vieques  was  reached  on  July  24.  Through  the  coiulesy  of  Superin- 
tendent O.  H.  Tittmann,  of  the  United  States  Coast  and  Geodetic  Survey,  opportunity 
was  afforded,  at  this  point,  to  compare  the  Carnegie  magnetic  instruments  with  the  stand- 
ards of  the  Vieques  Magnetic  Observatory,  the  local  observer,  G.  Hartnell,  Aaaiating  in 
every  way.  The  anchorage  at  Vieques  was  exposed,  so,  while  the  obscurations  were 
being  made  at  this  place,  the  vessel  anchored  at  Culebra  Island,  and  the  observers  lived 
ashore.  Upon  completion  of  the  comparisons,  the  vessel  returned  to  Vieques  to  take  on 
the  observers,  and  then,  having  made  magnetic  observations  at  the  Culebra  station  for 
aecular-variaticm  data,  the  expedition  proceeded  to  Porto  Rico,  where  valuable  assistance 
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was  rendered  by  Commodore  Karl  Rohrer,  of  the  United  States  Naval  Station.  The 
Carnegie  left  San  Juan,  Porto  Rico,  for  Para,  Brazil,  where  she  arrived  September  24, 1910, 
having  encountered  unusually  favorable  conditions  for  magnetic  work.  Upon  completion 
of  the  shore  work  at  Pinheiro,  the  magnetic  station  near  Para,  the  Carnegie  left  on  October 
15, 1910,  and  arrived  at  Rio  de  Janeiro,  Brazil,  December  2,  1910,  the  voyage  having  been 
made  under  very  favorable  observing  conditions.  Intercomparisons  of  barometer  stand- 
ards were  carried  out  at  the  Rio  de  Janeiro  Observatory  through  the  courtesy  of  Director 
Morize,  who  also  rendered  the  Camegie^s  scientific  staff  valuable  aid  in  other  ways. 
Upon  the  completion  of  the  usual  harbor  intercomparisons  of  land  and  ship  instruments  and 
swing  observations  on  December  23  and  24,  the  Carnegie  sailed  on  December  29  for  Monte- 
video and  Buenos  Aires.      (For  view  of  shore  work  at  Rio  de  Janeiro,  see  PL  19,  Fig.  1.) 

No  land  observations  were  made  at  Montevideo,  at  which  place  the  Carnegie  arrived 
on  January  14, 191 1.  After  a  short  delay  by  storm  she  proceeded  to  Buenos  Aires,  arriving 
there  January  17.  The  observing  conditions  between  Rio  de  Janeiro  and  Buenos  Aires 
were  very  good,  and  numerous  observations  were  obtaineci.  The  comparisons  of  ship  and 
land  instruments,  as  well  as  the  comparisons  of  the  Argentine  magnetic  standards  with 
those  of  the  Department,  were  carried  out  at  the  magnetic  observatory  of  the  Meteorological 
Service  of  Argentina  at  Pilar,  Cordoba.  Barometer  comparisons  were  also  made  at  the 
office  of  the  Meteorological  Service  in  Buenos  Aires.  Acknowledgment  is  made  here  of 
the  cordial  cooperation  and  effective  aid  received  from  Director  W.  G.  Davis  and  the 
observer-in-charge  at  Pilar,  L.  G.  Schultz. 

The  Carnegie  sailed  from  Buenos  Aires  on  February  14;  but  on  account  of  adverse 
winds  and  tidal  conditions,  together  with  the  loss  of  an  anchor,  subsequently  recovered, 
she  did  not  get  out  of  the  Rio  de  la  Plata  into  the  open  sea  imtil  the  21st.  Owing  to  this 
delay  and  to  foggy  weather  in  the  vicinity  of  Tristan  da  Cunha,  it  was  found  impracticable 
to  stop  at  this  island,  as  had  been  planned,  so  that  practically  a  great-cirole  course  was 
followed  between  Buenos  Aires  and  Cape  Town.  This  portion  of  the  cruise  was  very 
successful  and  numerous  magnetic  observations  were  made,  despite  the  foggy  conditions 
prevailing  during  a  part  of  the  time.  Cape  Town  was  reached  March  20.  Intercompari- 
sons of  the  land  and  sea  instruments,  as  well  as  comparisons  with  the  magnetic  outfits  of 
Professors  J.  C.  Beattie  and  J.  T.  Morrison,  were  secured  at  Valkenberg,  near  Cape  Town. 
Barometer  comparisons  were  made  with  the  standards  of  the  Royal  Observatory,  Cape  of 
Good  Hope.  At  Cape  Town  Dr.  H.  M.  W.  Edmonds,  surgeon  and  magnetician,  and 
Observer  H.  F.  Johnston  joined  the  vessel.  Dr.  C.  C.  Craft,  who  had  been  surgeon  and 
magnetic  observer  on  board  the  Carnegie  since  the  initiation  of  her  work,  was  relieved  of 
sea  duty  at  Cape  Town  to  return  to  the  Office,  owing  to  the  impaired  condition  of  his  eyes. 

Upon  the  completion  of  the  observations  at  Cape  Town,  where  Doctors  Beattie, 
Dodds,  and  Hough  rendered  much  valuable  aid,  the  Carnegie  left  for  Colombo  on  April  26, 
arriving  there  June  7,  1911.  The  course  from  Cape  Town  was  made  for  St.  Paul  Island, 
and  thence  directly  for  Colombo.  This  passage  of  the  cruise  was  accomplished  with 
cloudy  weather  and  heavy  seas  during  the  easterly  course,  and  imder  fine  conditions  during 
the  northerly  course.  Observations  were  made  nearly  every  day.  At  Colombo  the 
Director  joined  the  vessel  for  the  purpose  of  a  general  inspection  trip,  for  consultation  with 
the  commander  as  to  the  details  of  the  work,  and  for  discussion  regarding  such  alterations 
as  might  be  deemed  advisable  for  further  improvement.  Observer  E.  Kidson,  who  had 
been  on  duty  aboard  the  Carnegie  since  the  initiation  of  her  work  in  1909,  was  relieved 
at  Colombo  of  sea  duty,  and  directed  to  proceed  at  once  to  Australia,  there  to  take  up 
magnetic-survey  work  on  land.  Numerous  courtesies  were  extended  to  the  Carnegie 
staff  by  the  officials  at  Colombo. 

Having  completed  the  intercomparisons  of  the  land  and  sea  instruments  at  Colombo, 
and  of  the  barometric  standards  at  the  Meteorological  Observatory,  the  Carnegie  set  sail 


The  Carnegie's  Cruises,  1909-16  167 

on  July  6, 1911,  for  Port  Louis,  Mauritius  Island,  with  the  Director  aboard,  arriving  there 
August  5,  on  schedule  time.  With  the  exception  of  a  few  dajrs  this  portion  of  the  cruise 
was  made  under  very  favorable  conditions.  Valuable  data,  both  with  regard  to  the  dis- 
tribution of  the  magnetic  elements  and  their  secular  changes,  were  secured,  the  course  to 
Bffauritius  being  deflected  to  the  southward  in  order  to  intersect  the  track  of  the  Oausa.  On 
this  portion,  also,  the  1911  track  of  the  Carnegie  northward  to  Colombo  from  St.  Paul 
Island  was  crossed,  and  thus  valuable  opportunity  was  afforded  for  testing  the  accuracy  of 
her  work,  as  well  as  of  the  chart  errors  previously  found.  The  results  of  these  tests  were 
very  satisfactory.  Intercomparisons  of  land  and  sea  instruments,  as  well  as  a  valuable 
intercomparison  of  the  standards  of  the  Department  and  those  of  the  Royal  Alfred  Observa- 
tory, were  secured.  Much  interest  was  shown  in  the  work  of  the  Carnegie  by  the  Governor 
ci  Mauritius  and  other  officials.  Director  Walter,  of  the  Observatory,  rendered  valuable 
aid  in  the  instrumental  comparisons.    (See  PI.  15,  Figs.  1  and  2.) 

The  land  work  being  completed,  the  Carnegie  left  Port  Louis,  bound  for  Batavia  via 
Colombo,  on  August  16,  1911,  the  Director  continuing  with  the  vessel.  A  short  stop  was 
made  at  Colombo,  during  September  10  to  15,  and  there  the  Director  left  the  party  to 
visit  magnetic  organizations  and  observatories  in  India,  the  East  Indies,  and  China. 
Excellent  conditions  prevailed  between  Mauritius  and  Colombo,  and  numerous  observa- 
tions were  made.  After  a  43-day  cruise  from  Colombo,  during  which  the  desired  observa- 
tions were  secured,  Batavia  was  reached  on  October  27, 1911.  The  course  from  Mauritius 
carried  the  vessel  first  to  the  westward  of  the  Seychelles  Islands  into  the  western  part  of 
the  Arabian  Sea,  where  the  agonic  line  was  located  by  two  widely  separated  crossings,  and 
across  the  tracks  of  the  principal  steamship  lines,  thence  back  to  Colombo,  and  from  there 
to  Batavia.  Intercomparisons  of  the  sea  and  land  instruments,  as  well  as  valuable  inter- 
comparisons of  the  standards  of  the  Department  and  those  of  the  Royal  Meteorological  and 
Magnetic  Observatory,  were  secm^  at  Batavia,  through  the  effective  assistance  of  Director 
van  Bemmelen.     (For  view  of  work  in  atmospheric  electricity,  see  PI.  15,  Fig.  4.) 

From  Batavia  the  Carnegie  sailed  on  November  21,  1911,  bound  for  Manila  by  a  cir- 
cuitous route,  arranged  so  as  to  cover  the  eastern  part  of  the  Indian  Ocean.  The  course 
followed  was  south-southwest  in  the  Indian  Ocean  to  south  latitude  30  ?8  and  east  longitude 
89 ?4;  thence  it  extended  to  37  ?5  south,  in  east  longitude  95 ?5.  From  this  point  a  general 
northeasterly  course  was  followed  into  the  China  Sea  and  the  North  Pacific.  The  Carnegie 
reached  Manila,  Philippine  Islands,  on  February  2,  1912,  having  been  out  73}  days  from 
Batavia,  and  having  covered  a  distance  of  8,291  miles;  the  conditions  for  observations 
were  good. 

At  the  new  Manila  Magnetic  Observatory,  situated  at  Antipolo,  intercomparisons  of 
magnetic  instruments  were  made  with  the  standards  of  the  United  States  Coast  and 
Geodetic  Survey  and  with  those  of  the  Antipolo  Magnetic  Observatory.  These  compari- 
sons were  much  facilitated  through  the  cordial  cooperation  of  Director  Algu^  of  the  Manila 
Observatory  and  his  chief  assistant  at  the  Antipolo  Observatory,  M.  Saderra  Mas6,  and  the 
Director  of  Coast  Surveys  at  Manila,  P.  A.  Welker,  at  the  time.  Upon  the  completion 
of  the  land  work  and  of  minor  repairs  in  dry  dock,  the  Carnegie  left  Manila  on  March  24, 
1912,  pursuing  a  northeasterly  course  off  the  Luchu  Islands,  and  thence  practically  due 
east  to  north  latitude  30^  and  east  longitude  166^.  Thence  the  course  was,  in  general, 
southward  to  Suva,  Fiji  Islands,  where  the  vessel,  after  having  been  considerably  delayed 
by  head  winds,  arrived  June  7,  75  days  out  from  Manila.  The  total  distance  covered  from 
Manila  to  Suva  was  8,158  miles.  The  track  of  the  GalHee  was  crossed  several  times,  and 
thus  valuable  secular-variation  data  were  obtained.  Effective  assistance  was  rendered  the 
Carnegie  at  Suva  by  various  officials. 

Upon  completion  of  the  land  work  at  Suva,  including  a  reoccupation  of  the  Galilee 
station  of  1906,  the  Carnegie  left  for  Papeete,  Tahiti,  June  30,  1912.    The  departure 


168  OCSAN  MaONSTIC  QBgBBTATIQlfBy  190^16 

from  Suva  was  ddayed  by  contrary  winds  blowing  throu^  the  narrow  entrance.  A  comne 
was  steered  along  the  parallel  30^  south,  passing  b^ween  the  outward  and  homeward- 
bound  passages  ot  the  Galilee's  last  cruise.  From  near  Elaster  Idand  a  northerly  coarse 
was  followed  to  the  equator;  thence  ihe  course  was  west^y,  and  then  soutiiwest  to  TahitL 
On  crosfflng  the  equator,  the  ship  was  swung  under  f avcmible  conditiiHis  for  magnetic  incli- 
nation and  intensity.  The  observations,  made  on  the  various  headings  in  the  two  observing 
domes,  again  showed  smalla:  differences  among  themselves  than  the  general  accuracy  of 
sea  observations. 

Papeete,  the  port  of  Tahiti,  was  reached  September  11, 1912;  here  the  acting  governor 
and  other  officials  took  great  interest  in  the  Carnegie  and  her  work.  On  Octobtf  15, 
after  completion  of  the  land  work,  the  vessel  sailed  for  CSorond,  CShile,  where  she  arrived  on 
November  25.  The  magnetic  station  established  at  this  place  in  1907  by  the  Explorer^  of 
the  United  States  Coast  and  Geodetic  Survey,  was  reoccupied.  After  the  necessary  land 
observations  had  been  made  for  the  determination  of  constants  and  intercomparisons  of 
instruments,  the  Carnegie  proceeded  to  Talcahuano  on  December  4.  At  this  port,  through 
the  courtesy  of  the  Chilean  naval  officials,  particularly  Admiral  Francisco  Neff,  the  gov^n- 
ment  dry-dock  was  used  for  dry-docking  the  vessel  and  carrying  out  necessary  repairs. 
While  at  Talcahuano  opportunity  was  given  Observers  Hewlett  and  Johnstcm  to  visit  Dr. 
Walter  Knoche,  in  charge  of  the  meteorological  work  for  the  Chilean  Government  at 
Santiago,  and  to  discuss  with  him  methods  of  work  in  atmospheric  dectridty  at  sea. 
Subsequently  Dr.  Knoche  visited  the  Carnegie  at  Talcahuano  and  kindly  made  some 
further  suggestions. 

Leaving  Talcahuano  December  19,  1912,  the  Carnegie  proceeded  next  to  Stanley, 
Falkland  Islands,  arriving  there  January  27,  1913.  A  n^thwest  course  was  followed  to 
about  26^  south  latitude  and  95^  west  longitude,  thence  southwest  to  about  40^  south 
latitude  and  107^  west  longitude,  and  thence  around  Cape  Horn  to  Stanley.  Winds  of 
great  strength  prevailing  for  days  at  this  port,  considerable  dday  was  experienced  in  the 
completion  of  the  work,  which  included  a  reoccupation  of  the  magnetic  station  gLvea  in  the 
''British  Admiralty.  list."  Dr.  Edmonds  was  relieved  of  ocean  duty  at  Stanley  in  order 
to  take  charge  of  a  land  expedition  to  Hudson  Bay,  and  Dr.  C.  C.  Craft  was  assigned  as 
surgeon  and  magnetic  observer  in  his  place.  Acknowledgments  are  due  the  Governor  of 
the  Falklands,  Honorable  W.  L.  Allerdyce,  and  other  officials  and  persons  at  Stanley  for 
numerous  kindnesses  shown. 

The  Carnegie  sailed  from  Stanley  on  February  22, 1913,  bound  for  St.  Helena,  following 
a  great-circle  route  to  46?5  south  latitude  and  V  east  longitude.  Along  this  portion  of  the 
passage  a  number  of  large  icebergs  were  seen.  The  1911  track  of  the  Carnegie  was  crossed, 
as  well  as  that  of  the  GaiLss  while  on  her  Antarctic  cruise.  The  Carnegie  was  swung  at  sea 
on  March  21,  and  it  was  once  more  found  that  the  magnetic  observations  (magnetic  inclina- 
tion and  intensity),  made  on  the  various  headings,  agreed  with  each  other  within  the 
observational  errors.  Arriving  at  Jamestown,  St.  Helena,  on  April  3,  the  stop  made  this 
time  was  only  long  enough  to  provision  the  vessel,  attend  to  the  accumulated  correspondence, 
and  dispatch  the  observation  records  to  Washington.  In  order  to  make  the  more  southerly 
return  passage  from  Bahia  to  St.  Helena  before  the  Sun  reached  the  sununer  solstice,  as 
had  been  planned,  the  usual  shore  work  was  postponed,  and  St.  Helena  was  left  on  April  9, 
the  course  being  set  direct  for  Bahia.  En  route,  observations  of  the  magnetic  declination 
were  made  during  a  complete  swing  of  the  vessel,  confirming  the  absence  of  possible  devia- 
tions greater  than  the  error  of  observation. 

Bahia  was  reached  on  April  24.  As  the  Brazilian  station  at  Bahia  was  no  longw 
suitable  for  secular-variation  purposes,  a  new  magnetic  station  was  established  on  Jaburu 
Point  (PL  19,  Fig.  2)  where  intercomparisons  were  made  ashore  of  all  instruments  used 
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•bcMurd.  ObBerver  Schmitt  joined  the  Carnegie  at  this  port  in  place  of  Observer  Johnston, 
who  had  been  assigned  to  take  charge  of  important  land  magnetic  work  in  Paraguay, 
Uruguay,  Argentina,  and  Brazil. 

After  completion  of  the  land  work,  the  Carnegie  sailed  from  Bahia  on  May  19  for 
St.  Helena,  following  a  south  and  east  course  to  about  33^  south  latitude  and  8^  west 
longitude,  and  sailing  thence  north  to  St.  Helena,  where  she  anchored  off  Jamestown, 
June  23.  On  this  passage  considerable  cloudy  and  stormy  weather  was  experienced. 
Cknnplete  intercomparisons  of  all  instruments  were  now  made  ashore,  and  one  magnetic 
station  of  the  Gauee  expedition  was  reoccupied.  The  Governor  of  St.  Helena  (Major  H.W. 
Ciurdeau),  at  both  visits  of  the  Carnegie j  evinced  his  interest  and  extended  various  courtesies. 

Leaving  St.  Helena  on  July  21,  a  north- northwest  course  was  followed  to  about  30^ 
ncnth  latitude  and  40^  west  longitude,  and  then  north  and  northeast  courses  to  Falmouth, 
where  the  vessel  arrived  September  12.  On  August  15  and  18,  magnetic  observations  were 
obtained  on  8  equidistant  headings  of  the  ship,  the  previous  conclusions  regarding  absence 
of  iq[>preciable  ship  deviations  being  again  confirmed. 

During  this  passage  from  St.  Helena  to  Falmouth,  the  Carnegie  on  August  10  crossed 
her  track  of  1909.  A  comparison  of  the  two  values  of  the  magnetic  declination  obtained 
at  the  point  of  intersection,  one  in  1909  and  the  other  in  1913,  showed  that  the  north  end 
of  the  compass  needle  had  shifted  westward  at  an  average  annual  rate  of  7  minutes;  this 
18  in  the  right  direction  to  account  to  some  extent  for  chart  errors.  A  reliable  value  of  the 
secular  change,  derived  from  sea  observations  for  an  interval  of  not  quite  four  years,  can 
only  be  obtained  by  means  of  the  refined  methods  and  instruments  in  use  on  the  Carnegie. 

At  Falmouth,  besides  the  usual  shore  comparisons  of  instruments,  the  stations  estab- 
lished by  the  Carnegie  during  her  first  call  at  this  port  in  October  1909,  at  Trefusis  Point 
and  St.  Anthony,  were  reoccupied  for  the  purpose  of  determining  the  secular  change  in  the 
magnetic  elements  since  1909.  For  the  same  purpose  magnetic  observations  were  made  at 
the  two  nearest  stations,  Truro  and  Porthallow,  of  the  Magnetic  Survey  of  Great  Britain 
by  Professors  Rucker  and  Thorpe;  thus  additional  data  for  connecting  the  latter  survey 
with  the  work  of  the  Carnegie  were  obtained.  The  vessel  was  also  swung  a  second  time  in 
Falmouth  Bay,  complete  magnetic  observations  being  made  over  the  same  area  where 
omilar  woik  was  done  in  1909;  the  1909  results  were  confirmed.  In  connection  with  the 
Camegie^e  work  at  Falmouth,  acknowledgment  should  be  made  of  the  aid  received  from 
Doctors  Glazebrook  and  Shaw,  and  Messrs.  W.  L.  Fox,  J.  B.  Philipps,  and  Spry. 

October  15,  the  Carnegie  left  Falmouth  on  the  last  passage  of  the  long  cruise  begun 
in  June  1910.  On  account  of  head  winds  she  put  in  at  New  London,  Connecticut,  on 
December  14,  and  was  towed  to  Greenport  on  December  15.  After  reoccupying  the  repeat 
stations  at  Greenport  and  Shelter  Island,  the  Carnegie  left  on  December  18  and  was  berthed 
at  Beard's  Yacht  Basin,  Brooklyn,  on  December  19.  The  Director  inspected  the  vessel 
here,  and  conferred  with  W.  J.  Peters,  commander,  regarding  the  repair  work  required 
after  the  three-year  continuous  cruise  of  the  Carnegie. 

The  scientific  personnel  on  this  cruise,  besides  the  Director,  who  was  with  the  vessel 
from  June  to  September  1911,  consisted  of  the  following  persons:  W.  J.  Peters,  in  com- 
mand of  vessel;  C.  C.  Craft,  surgeon  and  observer  to  April  1911  and  from  February  1913; 
H.  M.  W.  Edmonds,  surgeon  and  magnetidan,  from  March  1911  to  February  1913;  E.  Kid- 
scm,  observer,  to  June  1911;  H.  D.  Frary,  observer,  to  September  1912;  C.  W.  Hewlett, 
observer,  from  September  1912;  H.  F.  Johnston,  observer,  from  March  1911  to  May 
1913;  H.  R.  Schmitt,  observer,  from  May  1913;  C.  R.  Carroll,  meteorological  observer 
and  clerk,  to  September  1911;  N.  Meisenhelter,  meteorological  observer  and  clerk,  from 
February  1912.    (For  view  of  the  Carnegie's  personnel,  see  PI.  15,  Fig.  3.) 
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At  the  various  ports  of  call  the  Carnegie^ %  scientific  staff  received  most  cordial  assist- 
ance from  various  diplomatic  and  consular  officers  besides  from  those  already  mentioned. 

Besides  the  usuid  observations  for  geographic  position  and  of  the  magnetic  elements, 
atmospheric-electric  observations,  as  opportunity  afforded,  were  made  on  the  Carnegie  by 
Observers  Kidson  and  Johnston.  Atmospheric-pressure  observations  have  been  carried 
out  and  various  improvements  in  the  method  of  observations  were  effected.  Observations 
for  atmospheric-refraction  effects  at  sea  were  also  made. 

The  total  length  of  Cruise  II  was  92,829  nautical  miles;  the  time  at  sea  (not  counting 
stops  at  ports)  was  798  days;  hence,  the  average  day's  run  was  116  miles.  (See  abstracts 
of  log,  pp.  333-347,  and  summary,  p.  347.) 

CRUISE  III.  JUNE  TO  OCTOBER  1914. 

Upon  the  return  of  the  Carnegie  from  her  long  circumnavigation  cruise  (Cruise  II) 
arrangements  were  promptly  made  for  the  necessary  repairs,  required  chiefly  on  account  of 
dry  rot.  At  the  same  time  some  alterations  in  the  interior  arrangements  of  the  vessel  were 
made.  The  stone  ballast,  previously  used,  was  replaced  by  lead  ballast.  The  refrigerating 
plant,  oil  engine,  and  producer-gas  engine  were  also  overhauled,  and  some  improvements 
wete  effected.  The  repairs  and  alterations  were  made  at  Hoboken,  New  ietB&yj  by  Tietjen 
and  Lang,  under  the  direct  supervision  of  W.  J.  Peters,  as  representative  of  the  Department 
of  Terrestrial  Magnetism. 

Mean^^e,  plans  had  been  made  for  a  cruise,  under  the  charge  of  W.  J.  Peters,  chief 
of  party,  to  Hudson  Bay  in  a  chartered  vessel,  the  George  B.  Cluett^  bdonging  to  the  Grenfell 
Association.  Accordingly,  on  June  1,  1914,  the  command  of  the  Carnegie  was  transferred 
to  J.  P.  Ault,  who  has  carried  out  the  cruises  of  the  vessel  since  that  date. 

After  the  Director  had  made  his  inspection  of  the  vessel,  and  had  given  the  final 
instructions  regarding  the  cruise  and  the  pn^ram  of  work,  the  Carnegie  left  Brooklyn,  on 
June  8,  1914,  direct  for  Hammerfest,  Norway,  with  the  following  personnel  aboard:  J.  P. 
Ault,  magnetician  and  in  command  of  vessel;  H.  M.  W.  Edmonds,  magnetician  and  sur- 
geon; H.  F.  Johnston  and  I.  A.  Luke,  observers;  N.  Meisenhelter,  meteorological  observer 
and  clerk;  R.  E.  Storm,  mechanical  engineer;  J.  Sahlberg,  J.  Johnson,  and  T.  Pedersen, 
watch  officers;  C.  Heckendom,  mechanic;  8  seamen,  2  cooks,  and  2  cabin  bo}rs;  22  persons 
in  all.  Martin  Clausen,  who  had  served  faithfully  and  efficientiy,  first  as  third  and  later  as 
second  and  first  watch  officer  on  the  previous  cruises,  on  May  17,  during  shore  leave,  unfor- 
tunately met  with  an  accident,  and  died  on  May  24.  On  May  27  John  Sahlberg  was 
appointed  first  watch  officer  in  his  stead. 

From  Brooklyn,  the  Carnegie  followed  a  course  practically  due  east  along  the  parallel 
of  41^  north  to  about  53^  west  longitude,  and  thence  practically  in  a  direct  line  to  Hammer- 
fest. A  landfall  was  made  in  the  vicinity  of  the  Faroes  on  June  27.  Hammerfest  was 
reached  on  July  3,  after  a  cruise  of  4,152  nautical  miles.  In  addition  to  the  usual  stations 
occupied  at  Hammerfest  for  the  purpose  of  determining  the  instrumental  constants, 
observations  were  secured  in  the  ne^borhood,  at  five  additional  stations,  for  the  purpose 
of  selecting  a  suitable  place  in  the  harbor  to  swing  the  vessel,  and  thus  test  anew  the 
absence  of  ship  deviations  at  the  moimts  of  the  magnetic  instruments.  Swings  of  vessel 
were  secured  on  July  15,  16,  and  18,  with  satisfactory  results  for  both  horizontal  intensity 
and  inclination,  as  also  for  declination,  due  account  being  taken  of  the  small  horizontal 
intensity  (0.1  c.  g.  s.)  at  this  high  magnetic  latitude.  These  tests  showed  once  more, 
as  in  the  pre\ious  cnuses,  that  there  are  no  deviations  of  sufficient  magnitude  to  be  taken 
into  account.     (See  PI.  16,  Rgs.  2  and  3,  and  PL  19,  Fig.  3.) 

On  July  25  the  Carnegie  left  Hammerfest,  bound  this  time  for  Reykjavik,  Iceland,  the 
commander's  instructions  being  to  proceed  as  far  north  as  ioe  conditions  permitted,  without 
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endangering  the  safety  of  the  vessel.    The  following  interesting  extract  is  taken  from  his 
report,  dated  Reykjavik,  August  27, 1914: 

"After  leaving  Hammerfest  it  was  planned  to  make  a  short  trip  into  the  Barents  Sea  towards 
Nova  Zembla,  but,  head  winds  being  encountered,  the  course  was  shaped  for  Spitzbergen.  We 
were  becalmed  2  days  off  Bear  Island,  after  which  fair  winds  prevailed  until  July  31,  when  ice  was 
sii^ted  about  30  miles  south  of  South  Cape,  the  southernmost  point  of  Spitzbergen.  A  few  hours 
later  we  were  headed  off  by  the  soUd  ice-pack,  but  the  western  edge  of  the  pack  could  be  seen  and 
we  knew  that  by  standing  to  the  westward  it  would  be  possible  to  clear  it.  This  flow  did  not  extend 
far  into  the  sea  west  of  Spitzbergen,  having  drifted  down  from  Stor  Fiord  to  the  eastward  of  Spitz- 
bergen. Standing  to  the  westward,  we  cleared  the  ice,  and,  being  favored  with  fair  winds  and  good 
weather,  continued  northward. 

"On  August  2,  all  plans  were  made  to  swing  ship  the  next  day  north  of  latitude  80^,  the  engine 
being  in  running  order.  That  night  the  southwesterly  wind  increased  to  a  gale,  making  it  necessary 
for  us  to  heave-to  and  try  to  get  south,  as  the  soUd  polar  ice-pack  was  only  about  50  miles  to  the 
northward.  Our  farthest  north,  therefore,  was  latitude  79^  52^3.  After  4  days  of  head  winds  we 
again  had  favorable  winds,  but  for  4  days  we  saw  nothing  of  the  Sun,  and  consequently  secured  no 
magnetic-declination  observations.  Off  the  northeast  coast  of  Iceland  another  head  wind  was 
encountered,  which  lasted  7  days. 

''On  August  21,  the  day  of  the  ecUpse,  we  had  our  first  clear  weather  for  2  weeks  and  had  a  fine 
view  of  the  ecUpse,  getting  numerous  photographs  and  noting  times  of  contact.  From  there  to 
Reykjavik,  where  we  arrived  on  August  24,  the  trip  was  without  incident,  with  the  exception  of  2 
days  of  head  winds,  just  before  entering  the  harbor." 

On  account  of  local  disturbances  in  the  general  neighborhood  of  Reykjavik,  it  was  not 
deemed  worth  while  to  attempt  swings  until  after  leaving  Reykjavik.  Various  shore  sta- 
tions were  occupied,  as  also  Dr.  Angenheister's  station  of  1910.  The  necessary  shore 
observations  and  standardizations  of  the  ocean  instruments  havmg  been  completed,  the 
Carnegie  sailed  from  Reykjavik  on  September  13,  bound  for  Greenport,  Long  Island.  She 
arrived  at  the  latter  port  on  October  12;  after  the  completion  of  the  shore  and  harbor 
observations,  both  in  terrestrial  magnetism  and  atmospheric  electricity,  she  proceeded  to 
Brooklyn  and  was  berthed  at  Beard's  Yacht  Basin  on  October  21.    (See  PI.  16,  Fig.  5.) 

The  Carnegie  J  on  this  cruise,  thus  reached  a  high  northerly  latitude  and  secured  a  valu- 
able series  of  observations  in  a  region  of  high  magnetic  latitude.  The  largest  value  of  the 
magnetic  inclination  was  81  ?3,  the  horizontal  intensity  at  this  point  being  0.082  of  a  c.  g.  s. 
unit.    The  total  length  of  the  cruise  was  9,560  miles,  the  average  day's  run  being  1 14  miles. 

As  evidence  of  the  promptness  with  which  the  results  of  the  magnetic  observations 
obtained  on  board  the  Carnegie  may  be  made  known,  the  following  facts  are  cited:  The 
values  of  the  magnetic  declination  (the  variation  of  the  compass,  as  the  mariners  call  it) 
obtained  on  the  portion  of  the  cruise  from  Long  Island  Sound  to  Hammerfest,  June  10  to 
July  2,  1914,  were  printed  in  the  number  of  the  Journal  of  Terrestrial  Magnetism  and 
Atmospheric  Electricity  which  was  issued  on  September  1, 1914;  the  values  observed  from 
Hammerfest  to  Reykjavik,  July  26  to  August  23,  1914,  were  received  at  Washington  on 
September  21,  and  those  from  Reykjavik  to  Greenport,  September  15  to  October  11,  on 
October  16.  The  values  of  the  other  magnetic  elements  (inclination  and  intensity)  were 
received  at  Washington  at  the  same  time  as  the  declination  values. 

In  general  it  was  found  that,  for  nearly  the  entire  cruise  from  Long  Island  Sound  to 
Hammerfest,  and  thence  to  Reykjavik,  the  chart  values  of  west  compass-direction  were  too 
low,  as  compared  with  the  values  observed  aboard  the  Carnegie^  by  amoimts  reaching 
nearly  4^  for  one  chart.  The  general  result  foimd  on  this  cruise  was  thus  in  entire  agree- 
ment with  that  announced  for  the  first  cruise  of  the  Carnegie^  New  York  to  Falmouth, 
En^and,  in  1909. 

As  in  previous  cruises,  much  interest  was  shown  in  the  work  of  the  Carnegie^  and  many 
oourtesieB  were  extended  at  the  ports  visited.  (For  abstracts  of  log  and  summary,  see  pp. 
34ft-349.) 
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CRUISE  IV.  MARCH  1915  TO  SEPTEMBER  1916. 

After  the  completion  of  Cruise  III|  the  Carnegie  was  out  of  commission  for  a  few  months, 
during  which  time  an  observatory  was  built,  just  abaft  the  after  dome,  for  the  housing  of 
the  new  instruments  used  in  the  measurements  of  the  electrical  state  of  the  atmosphere. 
An  additional  stateroom  on  the  starboard  side  of  the  cabin  was  provided  for  the  acconmio- 
dation  of  an  extra  observer.  The  bottom  of  the  vessel  was  sheathed  with  a  copper  alloy, 
for  tropical  waters,  and  a  belt,  consisting  of  brass  plates,  was  added  to  afford  some  protec- 
tion against  the  ice  conditions  likely  to  be  encountered  on  the  forthcoming  cruise.  The 
alterations  were  made  at  Hoboken  by  Tietjen  and  Lang,  according  to  plans  and  specificar 
tions  of  the  naval  architect,  H.  J.  Gielow,  of  New  York,  under  the  immediate  super- 
vision of  J.  P.  Ault,  as  representative  of  the  Department  of  Terrestrial  Magnetism.  These 
improvements  were  satisfactorily  completed  by  February  17,  1915,  on  which  day  the 
Carnegie  returned  to  her  berth  in  Beard's  Yacht  Basin,  at  Brooklyn,  to  be  put  in  conunis- 
sion.  While  the  above  work  (PL  17,  Fig.  1)  was  being  done  the  magnetic  instruments 
were  examined,  repaired,  or  altered  in  the  Department  shop  as  required  for  Cruise  IV,  and 
their  constants  were  redetermined. 

After  a  final  inspection  of  the  vessel  by  the  Director  and  W.  J.  Peters,  the  Carnegie,  on 
March  6,  left  Brooklyn,  under  J.  P.  Ault's  command,  for  Gardiners  Bay,  where  she  was 
successfully  swung  on  March  7  and  8,  preparatory  to  putting  to  sea.  This  was  the  Car- 
negie^s  fifth  visit  to  Gardiners  Bay  for  the  purpose  of  swinging  ship.  The  result  of  these 
swings,  made  in  1909,  1910,  1913,  1914,  and  1915,  confirm  the  existence  of  local  magnetic 
disturbance  in  Gardiners  Bay  and  furnish  the  desired  control  on  the  accuracy  of  the 
magnetic  work  aboard  the  Carnegie.  W.  F.  G.  Swann  remained  on  board  to  the  last  moment 
to  complete  the  installations  and  tests  of  the  new  atmospheric-electric  instruments  which 
had  been  constructed  in  the  Department  shop  for  this  cruise,  in  accordance  with  his 
suggestions.    In  this  work  he  was  asdsted  by  S.  J.  Mauchly  and  H.  F.  Johnston. 

The  Carnegie  sailed  from  Gardiners  Bay  on  March  9,  bound  for  Colon,  Panama,  the 
ship's  personnel  being  as  follows:  J.  P.  Ault,  magnetician  and  in  command  of  the  vessd; 
H.  M.  W.  Edmonds,  magnetician  and  surgeon,  and  second  in  conmtiand;  H.  F.  Johnston, 
I.  A.  Luke,  and  H.  E.  Sawyer  (who  joined  the  vessel  at  Colon),  observers;  N.  Meisenhelter, 
meteorological  observer  and  clerk;  R.  P.  Doran,  first  watch  oflScer;  M.  G.  R.  Savary, 
engineer;  second  and  third  watch  officers,  1  mechanic,  8  seamen,  2  cooks,  and  2  cabin  boys; 
23  persons  in  all.  In  addition,  S.  J.  Mauchly  remained  with  the  vessel  until  Panama  was 
reached,  to  perfect  the  installation  and  operation  of  the  newly  constructed  atmospheric- 
electric  instruments.  (On  arrival  of  the  Carnegie  at  Lyttelton  in  November  1915,  Observer 
Loring  took  the  place  of  H.  E.  Sawyer,  who  was  assigned  to  land  magnetic  work  in  Africa. 
When  the  vessel,  furthermore,  retmned  to  Lyttelton  from  the  sub-Antarctic  cruise. 
Observer  B.  Jones  joined  the  vessel  in  April  1916  in  place  of  H.  F.  Johnston,  assigned  to 
land  magnetic  work.    A.  Beech  succeeded  R.  P.  Doran  as  first  watch  officer  in  April  1916.) 

The  passage  to  Colon  was  made  in  about  16  days,  during  which  observations  of  at  least 
one  magnetic  element,  and  usually  of  all  three,  were  made  on  everyday  of  the  stormy  passage. 
Two  deaths  from  sickness  occurred  during  this  passage,  namely,  A.  H.  Sorensen,  cook, 
March  11,  and  W.  Stevens,  cabin  boy,  March  24.  At  Colon  the  ship  instruments  were 
compared  with  the  land  instruments,  and  a  new  repeat  station  was  established.  Unfortu- 
nately the  previously  occupied  stations  in  the  vicinity  of  Colon  are  now  magnetically 
affected  by  the  large  construction  operations.  On  April  4  the  Carnegie  dragged  both 
anchors  in  a  fierce  norther,  but  finally  the  anchors  held.  She  was  subsequently  towed  to 
a  pier  by  the  tug  Porto  BeUo  and  the  dredge  Caribbean,  (For  view  of  shore  work,  see  PI.  19, 
Fig.  4.) 

The  Carnegie  was  next  taken  through  the  canal  and  then  she  set  saU  in  the  Pacific 
Ocean  on  April  12  from  Balboa,  bound  for  Honolulu.  After  39  days  at  sea,  during  ^^lich 
73  determinations  were  made  of  the  magnetic  dedination  and  39  each  of  dip  and  intensity, 
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iiM^hiding  a  swing  of  the  ship,  the  Carnegie  reported  her  arrival  at  Honolulu  on  May  21. 
An  daborate  scheme  of  comparisons  was  carried  out  between  the  ship's  magnetic  instru- 
ments and  those  of  the  Honolulu  Magnetic  Observatory,  operated  by  the  United  States 
Coast  and  Geodetic  Surveys,  by  which  a  correlation  with  other  magnetic  observatories  and 
standards  was  effected.  Every  facility  for  carrying  out  these  comparisons  at  the  observa- 
tory was  rendered  by  the  obeerver-in-charge,  W.  W.  Merrymon.  On  June  29  and  July  3 
the  Carnegie  was  swung  off  Pearl  Harbor,  in  about  the  same  locality  as  that  of  the  GcdHee^s 
swing  of  1907.  The  results  confirm  the  large  differences  which  had  been  indicated  by  the 
GalHee  swing,  between  the  values  of  the  magnetic  elements  at  the  place  of  swing  and  at  the 
observatory,  and  they  also  give  a  means  of  supplying  an  additional  determination  of  the 
constant  A  of  the  deviation  formula  for  the  Galilee  at  Honolulu.  The  place  of  swing  can 
not  be  surrounded  by  land  stations  and  hence  can  not  be  controlled  by  land  observations. 
This  shows  another  advantage  of  a  non-magnetic  vessel  over  a  vessel  with  deviations  in  a 
magnetic  survey  of  the  oceans.  After  all  the  labor  of  planning,  observing,  and  swinging 
ship,  and  the  tedious  computations  of  the  deviation  parameters  for  a  vessel  having  devia- 
tions, one  is  confronted  with  the  fact  that  hardly  one  of  the  few  values  of  A  which  can  be 
observed  during  a  cruise  is  wholly  above  the  suspicion  of  being  affected  by  local  disturbance. 
One  can  only  hope  that  the  effect  is  neutralized  in  the  mean  of  a  number  of  observations  at 
the  ports  available.  (For  view  showing  observations  at  Honolulu  Observatory,  see  PL  17, 
Fig.  4.) 

On  July  20,  1915,  the  Carnegie  reached  Dutch  Harbor,  having  sighted  the  Bogosloff 
Islands.    The  commander's  report  on  the  sighting  of  these  islands  reads : 

"The  Bogosloff  Islands  were  seen  at  a  distance  of  3  miles  at  2  a.  m.,  July  20.  There  are  two 
idands  at  present,  the  eastern  one  terminating  in  two  high  twin  peaks  with  sharp  points  at  the  top, 
the  western  one  having  one  high  mountain  with  a  broad  top." 

When  the  Carnegie  arrived  at  Dutch  Harbor  she  had  already  covered  10,158  nautical 
miles  of  her  present  cruise,  in  73  days  of  sailing,  at  an  average  of  139  miles  per  day.  During 
this  period  101  values  of  the  magnetic  declination  and  56  each  of  inclination  and  intensity 
were  observed  at  sea;  besides  an  elaborate  program  of  observations  in  atmospheric  elec- 
tricity was  carried  out.  Observations  for  determination  of  the  amount  of  atmospheric 
refraction  have  been  continued,  as  also  the  usual  meteorological  observations. 

The  magnetic  declinations  observed  on  the  Carnegie  from  Brooklyn  to  Dutch  Harbor, 
March-July  1915,  showed  that  there  had  been  a  steady  improvement  in  the  nautical 
diarts  rince  the  data  obtained  during  the  previous  cruises  of  the  Oalilee  and  Carnegie  had 
become  available  to  hydrographic  bureaus.  The  chart  corrections  reached  a  maximum 
value  of  about  1?5  in  the  region  of  the  Pacific,  between  Panama  and  Honolulu,  not  pre- 
viously covered  by  these  vessels. 

August  5, 1915,  the  Carnegie  started  on  her  long  continuous  passage  to  Lyttelton,  New 
Zealand.  Heavy  weather  was  encountered  inmiediately,  and  it  was  impossible  to  swing 
ship  until  August  15,  just  before  leaving  the  Bering  Sea.  The  farthest  north  was  59^  33\ 
The  180th  meridian  was  crossed  on  August  13,  the  date  August  14,  1915,  being  omitted. 
After  clearing  the  Aleutian  Islands,  the  course  followed  was  south  practically  along  the 
lG5th  meridian  to  New  Zealand.  On  September  6  a  terrific  hurricane  from  the  southwest 
was  encountered.  It  was  necessary  to  take  in  all  sail  and  run  before  the  storm,  and  for 
17  hours  a  speed  of  9  knots  was  made  imder  bare  poles.  The  vessel  stood  the  strain  well, 
but  ever3rthing  was  wet  on  board,  the  hurricane  driving  the  rain  into  every  crack  and 
opening.  Wake  Island  was  passed  in  the  morning  of  September  12.  After  passing  the 
fost  of  the  Marshall  Islands,  it  was  deemed  best  to  keep  pretty  well  to  the  east  on  account 
of  prevailing  easterly  winds  and  westerly  set  of  the  currents.  It  was  necessary  to  pass 
wen  to  the  westward  of  the  Santa  Ous-Solomon  Islands  passage  while  near  the  equator, 
but  favorable  conditions  made  it  possible  to  weather  the  Solomon  Islands,  the  engine 
qperatang  during  eafans. 
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After  passing  the  Solomon  Islands  the  Carnegie  was  driven  to  the  westward  by  the 
prevailing  southeast  winds  and  had  to  tack  twice  to  avoid  the  Indispensable  Reefs.  These 
reefs  were  passed  October  12,  and  all  the  islands  and  reefs  in  the  Coral  Sea  were  safely 
cleared.  As  the  Coral  Sea  was  entered,  the  winds  drew  somewhat  more  to  the  southward, 
making  it  necessary  to  near  the  Australian  Coast  o£f  Brisbane.  Good  winds  were  blowing 
across  the  Tasman  Sea,  and  the  Ught  on  South  Island,  New  Zealand,  east  entrance  to 
Foveaux  Strait,  was  made  early  in  the  morning  of  October  31.  On  accoimt  of  the  slow  trip, 
it  was  decided  to  pass  throu^  the  strait;  just  before  clearing  the  east  end  of  the  strait 
at  sxmset,  the  wind  shifted  to  the  southeast,  making  it  necessary  to  use  the  auxiliary  power. 
Fortunately,  the  engine  was  in  good  condition  and  enough  coal  was  reserved  for  such  an 
emergency.  Again,  in  trying  to  round  Banks  Peninsula  to  enter  Port  Lyttelton,  the  wind 
shifted  ahead.  With  the  engine  and  fore-and-aft  sails,  however,  it  was  possible  to  tack  to 
advantage  against  the  wind,  thus  saving  a  delay  of  a  day  or  more  in  entering  port.  On 
November  3  the  Carnegie  entered  the  harbor  at  Lyttelton. 

Upon  only  one  occasion  during  the  trip  did  the  engine  fail  to  operate,  and  the  cause 
for  this  failure  was  definitely  placed.  It  has  proved  its  value  on  several  occasions  and  has 
run  well.  During  the  cruise,  various  and  imusual  currents  were  noted.  The  winds 
encoimtered  were  light  and  bafl3ing;  very  rarely  were  the  yards  braced  square  for  a  fair 
wind.  The  total  munber  of  miles  on  the  passage,  Dutch  Harbor  to  Lyttelton,  was  8,865, 
giving  an  average  of  100  miles  per  day  for  89  days. 

Local  magnetic  disturbances  were  noted  on  September  18  near  Marshall  Islands, 
October  15  west  of  Chesterfield  Reefs  and  Islets,  October  20  and  21  near  the  coast  of 
Australia,  and  October  31  in  Foveaux  Strait.  The  aurora  australis  was  seen  on  the 
nights  of  November  1  and  2,  consisting  of  long  beams  of  white  light  projected  vertically 
from  the  southern  half  of  the  horizon. 

Lyttelton  was  reached  with  over  6  tons  of  coal  remaining  in  the  bunkers,  40  gallons  of 
kerosene,  and  600  gallons  of  water.  It  was  not  necessary  to  issue  a  restricted  quantity 
of  water  per  day  to  each  man,  as  all  did  their  best  to  economize  in  the  use  of  fresh  water. 
A  salt-water  shower  bath,  connected  with  the  deck  pump,  was  in  position  ready  for  use  at 
all  times.    The  health  of  the  party  was  good  during  the  entire  trip. 

A  stay  of  33  days  at  Lyttelton  was  necessary  for  the  completion  of  the  observational 
work  and  comparisons  at  the  Christchurch  Magnetic  Observatory  and  for  the  overhauling 
and  outfitting  of  the  vessel.  Diuing  this  stay  at  Lyttelton,  as  also  during  the  subsequent 
one,  the  work  of  the  Carnegie  was  facilitated  by  certain  officials,  and  by  Professors  Farr  and 
Chilton,  of  Canterbury  College,  and  Director  Skey,  of  Christchurch  Observatory  (PL  19, 
Fig.  5). 

December  6  the  Carnegie  left  Lyttelton  for  a  sub-Antarctic  circumnavigation  cruise. 
The  180th  meridian  was  crossed  on  December  9,  so  that  date  was  repeated  as  December 
9  (2).  The  vessel  arrived  at  King  Edward  Cove,  South  Georgia,  on  January  12, 1916,  going 
the  last  24  hours  xmder  her  own  auxiliary  power.  She  again  sailed  on  the  14th,  being  towed 
out  of  harbor  against  a  heavy  head  wind  by  the  steam  whaler  Fortuna.  Icebergs  became 
more  numerous  and  fog  was  almost  continuous.  However,  January  18  was  the  only  day 
on  the  entire  trip  in  southern  waters  on  which  it  was  impossible  to  obtain  observations  for 
the  magnetic  declination.  On  January  22  the  vessel  passed  along  the  north  coast  of  Lind- 
say Island  about  3  miles  offshore.  The  Carnegie's  track  of  191 1  to  the  westward  of  Australia 
was  twice  intersected  for  the  determination  of  secular  change.  Ljrttelton  was  reached  on 
April  1,  1916.  This  sub-Antarctic  cruise,  accomplished  as  far  as  known  for  the  first  time 
in  a  single  season,  was  made  practically  between  the  parallels  of  50°  and  60°  south  until  the 
neighborhood  of  Australia  was  approached,  when  it  became  necessary,  on  two  occasions,  to 
cross  somewhat  north  of  the  50th  parallel.  Its  aggregate  length  was  17,084  nautical  miles, 
the  time  of  passage  118  days,  and  the  average  day's  run  145  miles.  For  a  more  complete 
account  of  this  passage,  see  J.  P.  Ault's  report,  pp.  326-^30;  also  %dews  on  Plate  18. 
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After  a  stay  of  nearly  7  weeks,  the  Carnegie  again  left  Lyttelton  (PI.  17,  Fig.  5)  for  the 
last  time  on  this  cruise,  being  towed  out  to  sea  on  May  17  by  the  tugboat  Lyttelton.  Light 
head  winds  and  calms  were  encountered,  so  the  engine  was  started  to  gain  an  offing,  running 
all  night.  For  five  days  the  wind  held  northeast,  forcing  the  vessel  well  toward  the 
Chatham  Islands.  May  22  was  repeated,  on  crossing  the  180th  meridian.  On  May  23  favor- 
able winds  were  encountered  for  the  first  time,  and  for  three  days  fair  winds  were  enjoyed. 
Then  northerly  winds  and  calms  made  it  necessary  for  the  course  to  be  taken  westward 
near  the  Kermadec  Islands.  On  Jime  1  the  wind  was  again  favorable,  but  thereafter  until 
arrival  at  Pago  Pago,  it  was  necessary  to  sail  close-hauled,  with  northeast  to  northwest 
winds.  Landfall  was  made  with  some  difficulty  on  account  of  the  heavy  clouds  and  squalls 
hanging  over  the  island.  Observations  were  carried  out  as  usual  during  the  passage.  No 
magnetic-declination  observations  were  obtained  on  May  30  and  June  4  on  account  of 
clouds.  Considerable  lightning  and  thunder  attended  the  squally  weather.  The  new 
gooseneck  on  the  upper  topsail  yard  carried  away  on  May  27,  and  was  replaced  with  the 
extra  one  ordered  at  Ljrttelton.  The  engine  was  operated  to  get  offshore  when  leaving 
Lyttelton,  to  clear  Savage  Island  during  a  calm  on  June  4,  and  to  enter  the  harbor  of  Pago 
Pago  on  June  7.  The  time  of  passage  was  22  days,  with  a  daily  run  of  118  miles,  for  a 
total  of  2,595  miles. 

The  shore  observations  having  been  completed,  the  Carnegie  left  Pago  Pago  on  Jime  19, 
under  her  own  power.  The  engine  operated  well,  taking  the  vessel  out  against  a  stiff  head 
trade  wind.  The  wind  was  too  strong  outside  to  allow  making  to  windward  of  Tutuila, 
so  the  Carnegie  went  around  the  west  end.  The  Union  Group  was  weathered,  but  the  wind 
broke  off  to  the  north  of  east,  compelling  the  vessel  to  go  to  leeward  of  the  main  Phoenix 
Group.  The  wind  held  north  of  east,  forcing  the  Carnegie  considerably  to  the  westward  of 
the  route  planned ;  however,  the  crossings  with  previous  tracks  were  made  at  the  points 
desired.  No  storms  or  calms  were  encountered.  The  hot  weather  was  very  trying,  but 
the  party,  with  two  or  three  exceptions,  kept  well.  Magnetic  declinations  were  obtained 
twice  daily,  with  two  exceptions.  The  average  difference,  without  regard  to  sign,  between 
the  results  obtained  by  the  two  observers  at  the  collimating  compass  was  3'  for  the  51 
determinations.  This  affords  some  evidence  as  to  the  character  of  the  weather  and 
conditions  encoimtered.  Port  Apra,  Guam,  was  reached  on  Monday,  July  17, 1916.  The 
total  run  from  Pago  Pago  was  3,987  miles,  giving  a  daily  average  of  147  miles  for  the 
27-day  trip. 

At  Port  Apra,  connection  was  made  with  the  Galilee  observations  of  1907  and  extensive 
intercomparisons  of  all  instruments  were  made.  The  Carnegie  sailed  from  Port  Apra  on 
August  7,  bound  for  San  Francisco.  The  track  followed  was  arranged  to  cross  as  frequently 
as  possible  the  previous  tracks  of  the  Galilee  and  the  Carnegie^  and  to  obtain  additional 
magnetic  data  in  regions  where  most  needed.  For  7  days  continuous  heavy  gales  were 
oicountered  from  the  southwest,  making  it  necessary  to  heave  to  for  2  days  in  succession, 
August  9  and  10.  The  vessel  was  thus  driven  northward  and  compelled  to  follow  very 
closely  the  track  of  the  Galilee  from  Guam  to  Japan,  up  to  the  point  where  the  many  tracks 
intersect  (see  Plate  20).  This  was  the  worst  spell  of  bad  weather  the  Carnegie  had  thus 
far  encountered.  After  August  17,  moderate  weather  was  experienced.  There  was  consider- 
able fog  and  cloudiness,  but,  with  four  exceptions,  observations  for  declination  were  obtained 
daily.  The  engine  was  operated  frequently,  for  a  total  of  90  hours,  during  calms  and 
for  swinging  ship.  On  August  26,  the  vessel  was  swung  for  intensity  and  inclination  obser- 
vations, both  helms.  On  August  27,  a  declination  swing  was  started,  but  after  5  headings 
had  been  completed  clouds  prevented  further  observations.  Fog  was  recorded  on  12 
days  and  rain  or  mist  on  34  days. 

On  September  20,  the  Carnegie  was  becalmed  off  the  coast  of  California,  so  the  engine  was 
operated,  and  after  a  24-hour  run  San  Francisco  was  reached  on  September  21.    Fortu- 
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nately,  Point  Reyes  was  sighted  at  1  o'clock  in  the  morning  before  the  fog  closed  down. 
Creeping  through  the  fog  until  the  light  vessel  was  heard,  a  pilot  was  taken  aboard,  and  the 
Carnegie  made  the  entrance  into  the  harbor  through  the  fog  under  her  own  power.  The 
total  distance  run  from  Guam  was  5,937  miles,  the  time  of  passage  being  46  days,  and  the 
average  daily  run  129  miles.    The  chronometers  were  found  in  error  only  8?  7. 

The  total  distance  covered  on  Cruise  IV,  from  March  6, 1915,  to  September  21,  1916, 
was  48,626  miles;  as  the  time  actually  at  sea  was  375  days,  the  average  day's  run  was  130 
miles.  During  this  period  the  Carnegie  reached  the  extreme  latitudes  of  59^  33'  N.  and 
60^  33'  S.    For  further  information  regarding  this  cruise,  see  abstract  of  log,  pages  350-356. 

As  heretofore,  the  Carnegie's  staff  is  indebted  for  special  coiurtesies  shown  at  the  ports 
visited  and  for  valuable  assistance  rendered  by  various  persons  and  officials. 

METHODS  OF  WORK  ON  THE  CARNEGIE. 

The  methods  adopted  and  the  principles  followed  were,  in  general,  the  same  for 
the  scientific  work  aboard  the  Carnegie  as  for  the  Galilee  (pp.  14-16).  The  chief 
modifications  arose  from  the  fact  that  the  Carnegie  is  a  non-magnetic  ship  and  from 
the  introduction  of  certain  new  and  improved  instruments. 

The  Carnegie  was  designed  with  the  view  of  making  it  possible  to  place  the 
various  instruments  in  the  most  advantageous  positions  possible,  and  far  enough 
apart  so  that  the  fundamental  principle  to  have  each  magnetic  element  determined 
independently  by  simultaneous  observations  with  two  different  instruments,  and 
by  different  observers,  could  be  carried  out  successfully.  The  actual  positions  of 
the  instruments  may  be  seen  from  Figure  13,  page  202,  and  Plate  9,  Figure  2. 

To  test  the  question  whether  at  any  of  the  instrument  positions  there  were 
magnetic  effects  attributable  to  anything  aboard  the  Carnegie,  the  vessel  was  swung 
occasionally  both  in  harbor  and  at  sea,  and  magnetic  observations  were  made  on 
the  various  headings,  as  in  the  case  of  a  magnetic  ship  like  the  Galilee.  The  results 
of  these  observations  will  be  found  tabulated  and  discussed  in  the  special  report 
(pp.  423  et  seq.).  It  will  be  seen  that  the  conclusion  bs  to  the  absence  of  any 
deviation-corrections  large  enough  to  be  taken  in  account  is  well  supported. 

There  being  no  troublesome  and  time-consuming  deviation-corrections  to 
determine,  the  computations  and  derivation  of  magnetic  data  were  greatly  simplified. 
The  observers  reduced  their  observations  and  obtained  preliminary  results  of 
sufficient  accuracy  for  mariners'  purposes  within  an  hour  after  the  completion  of 
the  observations  aboard.  Reaching  a  port,  the  conmiander  of  vessel  transmitted 
an  abstract  of  these  results  to  the  Office  at  Washington,  where  they  were  mani- 
folded and  promptly  transmitted  to  the  chief  hydrographic  establishments.  There 
are  letters  on  file  from  some  of  these  establishments  to  the  effect  that  they  were 
receiving  magnetic  data  from  the  Carnegie  more  promptly  than  they  could  be 
obtained  from  their  own  vessels. 

The  observation  forms  were  adapted  to  the  new  instruments  and  were  modified 
as  experience  from  time  to  time  suggested.  Specimen  observations  and  computa- 
tions will  be  found  on  pages  212-231,  also  on  pages  234,  240,  and  243-250. 

In  order  not  to  expand  the  present  volume  unduly,  various  matters  of  interest 
pertaining  to  methods  of  observation  and  to  instrumental  appliances  must  be 
passed  over  here  and  treated  in  a  subsequent  volume. 
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the  magnet  system  while  sighting  on  the  Sun  or  star,  hence  he  knows  preeisefy  to  what 
part  of  the  arc  the  stellar  azimuth  applies.  In  brief,  practically  the  same  method  of  obser- 
vation can  be  used  at  sea  with  the  marine  collimating-compass  as  on  land  with  a  magnetom- 
eter. In  the  latter  case  the  magnetometer  circle  is  set  to  some  convement  point  on  the 
magnet  scale  and  then  scale  readings  are  taken  of  the  positions  of  the  magnet  during  the 
interval  of  observation.  The  angle  is  next  determined  between  the  circle  setting  and  some 
mark,  or  the  true  meridian,  and  the  declination  is  finally  deduced.  Similarly,  with  the 
marine  collimating-compass,  the  angle  between  the  magnet  (say,  middle  of  scale)  and 
some  celestial  body,  as  the  Sun,  is  read  with  a  sextant  to  the  nearast  minute  of  arc  at  a 
given  time,  and  then,  with  the  sextant  stiU  clamped  at  the  same  angle,  mnultaneous  read- 
ings of  the  Sun's  image  on  magnet  scale  and  of  watch  are  taken.  With  the  aid  of  the  time 
readings,  the  motion  of  the  Sun  during  the  interval  of  observation  is  taken  into  account, 
and  the  true  azimuths  determined,  whereas  the  scale  readings  g^ve  the  varying  poaldons 
of  the  magnet  system. 

General  Fobicuub. 

In  Figure  10,  which  represents  the  celestial  sphere,  stereographically  projected  upon 
the  plane  of  the  horizon,  let  Z  be  the  zenith  of  the  magnetic  station  ohB&rvei  at  with  the 
collimating  compass;  s  the  star  sighted;  NS  the  astronomic  meridian;  N'S'  the  mag- 


netic meridian.  Suppose  the  observer,  looking  into  one  of  the  collimators,  sees  the  scale 
apparently  just  above  the  western  horizon.  This  scale  is  designated  by  the  letter  w.  Sup- 
pose fiuther  that  the  point  of  the  scale  brought  into  coincidence  with  the  star's  image  is  to 
the  right  of  the  middle  scale-division.  Now  let  this  point  and  the  middle  of  the  scale  be 
projected  to  the  celestial  vault,  and  then  to  the  plane  of  the  projection,  at  w'  and  at  w, 
respectively.    The  arc  measured  by  the  sextant  is  then  projected  to  9w\ 
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Let  the  following  notation  be  adopted: 

r  "■  the  mean  of  a  number  of  scale  readings.^ 
h  «■  the  altitude  of  the  star. 
V  B  the  value  of  one  scale  division,  in  degrees. 

m  »  the  altitude  of  the  scale,  positive  above  the  horizon,  negative  below, 
the  angle  SZS'  «  NZN^  »  Z>,  the  magnetic  declination. 

SZs  s  Agf  the  astronomic  azimuth  of  the  star. 
S'Zw  s"  A«,  constant  for  the  scale  in  question. 
wZw'  =  r  —  5,  the  mean  of  a  number  of  scale  readings,  less  5. 
the  arc  it's  =  A,  the  arc  measured  by  the  sextant,  corresponding  to  r. 

"    "  «Z  a  90^  —  h,  the  apparent  zenith  distance  of  the  star. 

*'    "  wZ  «  w'Z  »  90^  —  m,  the  apparent  zenith  distance  of  the  scale, 

the  angle    w^Zs  =  A,  the  horizontal  angle  between  scale  and  star. 

The  magnetic  declination  may  then  be  expressed  by  the  equation 

2)  =  il.  -  [i4c  +  (r  -  5.00)i;  *  A]  (1) 

The  terms  A^  and  v  of  this  equation  are  constant  for  each  scale  of  the  instrument.  The 
term  A  is  computed  from  the  spherical  triangle  w'Za^  of  which  the  side  w's  is  directly 
measured,  and  the  sides  w'Z  and  sZ  are  known  from  the  elevation  or  depression,  m,  of  the 
scale,  and  the  apparent  altitude,  A,  of  the  star.  The  constants  m,  A^f  and  v  are  determined 
at  magnetic  comparisonnstations.  The  apparent  altitude,  A,  may  be  observed  directly  or 
it  may  be  computed.  When  obtained  by  observation  at  sea,  it  is  to  be  freed  from  dip  of 
the  horizon,  but  if  the  true  altitude  is  computed,  it  is  to  be  increased  by  the  corresponding 
refraction  correction. 

The  angle  A,  or  the  azimuthal  difference  between  the  scale  and  star,  has  been  given  a 
double  sign  in  equation  (1)  since  the  star  may  be  to  the  right  (+)  or  left  (— )  of  the  scale. 
It  may  be  computed  from  any  one  of  the  following  fxmdamental  formulse  of  spherical 
trigonometry,  in  which  m  may  be  either  positive  or  negative: 

cos^  A  s  V  cos  (<  —  A)  COBS  sec  A  seem 

sin^X  »  V  sin  (<  —  m)  sin  (<  —  A)  sec  A  seem 

tanxA  «  V  sin  («  —  m)  sin  («  —  fc)  sec  («  —  A)  sees 

^^^^  A        cos  A  —  wih  sinm  /o\ 

cos  A     « ; (2} 

COS  Acosm 
In  the  above  equations,  28->A  +  m  +  A.    Ifm»0,  they  reduce  to 

coSo  A  ■»  -v/cossCfc  —  A)  cos5(A  +  A)secA 


sin^A  -^sinsCA  —  fc)sin2(A  +  fc)secfc 


taniA-^tan^(A-fc)tan^(A  +  fc) 

cos  A     *  cos  A  sec  A  (3) 

Equation  (3)  is  convenient  for  logarithmic  computation,  and  though  the  angle  is  given  by 
its  cosine,  it  is  sufBdently  accurate  for  five-place  logarithms,  when  A  is  over  30^,  and  the 

>TIm  Mftlt  dhriiioos  an  mmUSkf  mimbiffvd  from  Mi  to  riclit,  t|io  mlddb  diTirion  bting  5. 
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result  18  required  within  0?Q2  only.    If  misnot  lero, but leB tiiaa  1% tiwn tiie aore ean be 
substituted  for  its  sine,  and  its  cosine  can  be  taken  as  unity,  and  (2)  may  be  written 

cos  A  »  cosAsec  A  — mtan  A 
Assuming  cos  A'  «  cos  A  sec  ^,  we  get 

cos  A'  —  cosA  «  — 2sin5(A'  +  A)  sin^CA'  — A)  >*mtan  A. 
When  A'  —  A  is  less  than  2^,  the  arc  may  be  substituted  for  its  sine,  and 


A'  --  A^  — m  tan  h  eosec  5  (A'  +  A) 

This  equation  will  give  A'^A  by  a  series  of  rapid  approximations,  each  one  furnishing 
a  new  and  closer  value  of  A^ 

If  A  and  A  are  nearly  equal,  it  will  be  expedient  to  determine  the  an^  A  in  another 
way,  by  computing  and  tabulating  the  small  anj^  A  —  A,  as  follows:  (2)  may  be  written 

cosAasin^sinm  +  oosAcosmcosA 

and  we  also  have 

nf 


sm  m 


m  —  -g-  +  etc. 


Let  us  assume 


Prom  (4)  we 


cosm 


A-A-x 


^     m*  ,  lit*       . 


(4) 


cosA->cos(A  —  :r)«cosA  +  X8inA  —  -^cosA  —  •g-8inA  +  etc. 


Substituting  the  expressions  for  dn  m,  cos  m,  and  cos  A  in  the  equation  for  cos  A,  we  have 


cos  A 


m' 


+  msin  A  — -^sinfc  +etc. 

+  cosAco8A  +  xcosAsinA  —  ^cosfccosA  —  •7CosfcsinA  +  etc. 


m^ 


xrnr 


—  -2-  cos  A  cos  A  —   ^ 


COS  fc  sin  A  +  —7— cos  fc  cos  A  +  etc. 


and  from  these  we  obtain  the  following  general  expression  for  x: 

m' 
—  m  tan  h  cosec  A  +  -rrtan  h  cosec  A  —  etc. 

o 

+  cot  A  (sec  ft  —  1)  +  -x-  cot  A  +  g-  —  etc. 

+  -5-  cot  A  +  -5 etc. 

When  weather  conditions  permit  in  actual  work,  the  Sim  is  taken  so  low  that  A  —  A 
rarely  exceeds  1?5.  Usually  m  should  be  even  smaller;  so,  in  general,  the  series  for  x  is 
rapidly  convergent.    Let  m  and  x  be  expressed  hereafter  in  degrees;  then  we  have 

'  —  m  tan  h  cosec  A  +  0.00005  rrf  tan  h  cosec  A  —  etc. 
X  =    +  57.3  cot  A  (sec  ft  -  1)  +  0.00872  x*  cot  A  +  0.00006  o?  -  etc.  (5) 

.  +  0.00872  m*  cot  A  +  0.00015  x  m*  -  etc. 

The  two  principal  terms  of  this  expression  give  an  approximate  value  of  x,  which  may  be 
used  in  calculating  the  subsequent  terms,  if  desired.  Ordinarily,  this  first  approximation 
suffices,  and  equation  (4)  then  reduces  to 

A  B  A  —  57.3  cot  A  (sec  ft  —  1)  +  m  tan  ft  cosec  A 
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Omsider  separately  the  two  parts 

—  57.3  cot  A  (sec  h  —  1),  and  +  m  tan  h  cosec  A 

The  first  is  a  reduction  to  the  sextant  angle  A,  which  converts  it  approximately  into  the 
corresponding  horizontal  angle.  It  may  be  observed  that  this  reduction  changes  sign  as 
A  passes  from  the  first  to  the  second  quadrant,  and  referring  to  the  above  equation,  it 
may  be  seen  that  when  A  is  less  than  (greater  than)  90^,  the  reduction  to  apply  to  A  in 
order  to  get  A  must  decrease  (increase)  the  sextant  angle  A.  The  second  part  is  a  reduc- 
tion to  the  measured  angle  A,  due  to  the  inclination  of  the  collimator  to  the  horizon. 
Referring  again  to  the  above  equation,  we  see  that  an  elevated  (depressed)  scale  requires 
that  the  value  of  the  sextant  angle  A  be  increased  (decreased)  to  get  A. 

Introducing  these  reductions  in  (1),  we  have  finally  the  approximate  working  formula 

Z)  =  ^-  ]^+(r-5.00)  V  =*=  [A  -  57.3  cot  A  (sec  A  -  1)  +  m  tan  A  cosec  A]}     (6) 

Here  the  upper  sign  is  used  for  sextant  in  normal  position,  and  the  lower  for  inverted 
position;  that  is,  for  a  star  to  the  right  and  left  of  the  scale,  respectively.  To  facilitate 
the  application  of  this  formula.  Tables  46  and  47  (pp.  182  and  183)  have  been  prepared. 
The  last  two  terms  may  be  obtained,  one  directly  from  Table  46,  the  other  by  the  aid  of 
Table  47,  which  contains  the  product  of  two  of  the  factors,  tan  h  and  cosec  A. 

In  order  to  investigate  the  accuracy  of  equation  (5),  when  terms  of  higher  orders  are 
omitted,  let  it  be  assumed  that  a  precision  in  the  final  result  of  0?02  is  sufficient,  since  this 
is  closer  than  the  magnetic  declination  can  be  determined  at  sea.  For  values  of  h  not 
greater  than  45^,  and  values  of  A  not  less  than  45^,  the  effect  of  the  third-order  terms  on 
X  can  never  be  greater  than  0?02,  if  x  and  m  do  not  exceed  4?0.  By  reference  to  Table  46, 
it  will  be  seen  that  under  favorable  weather  conditions,  admitting  of  Sim  observations  at 
low  altitudes,  the  value  of  x  may  be  restricted  to  much  less  than  4?0  by  a  judicious  selec- 
tion of  scales.  In  a  well-constructed  instrument  the  inclination,  m,  of  the  collimators 
should  not  exceed  1?0.    Hence  terms  of  the  third  and  higher  orders  can  usually  be  omitted. 

A  preliminary  value  of  the  argument  x  is  obtained  from  Tables  46  and  47,  and  values  of 
terms  of  the  second  order  may  then  be  taken  out  of  Table  48. 

To  illustrate  the  use  of  Tables  46,  47,  and  48  and  also  the  mutual  dependence  of 
algebraic  signs,  the  following  hypothetical  example  is  given.  The  values  of  m  are  made 
extraordinarily  large  in  order  to  introduce  terms  of  the  second  order. 

m  =  +  2?0  -     2?0  +  2?0  -2?0 

h  »  14.0  14.0  14.0  14.0 

A"      119.0  119.0  61.0  61.0 

Prom  Table  46 +  0.972  +    0.972  -0.972  -0.972 

Factor  from  Table  47  multiplied  by  m +  0.570  -     0.570  +  0.570  -0.570 

From  Table48  f or  m +  0.019  +    0.019  -  0.019  -0.019 

Table  48  for  x-(*0?97*0?57*0?02,  etc)  +  0.012  .000  .000  -0.012 

A  «      120.57  119.42  60.58  59.43 

E!quation  (2),  differentiated  with  respect  to  A,  gives 

COS  h  cos  m  sm  A 

From  this  and  equation  (1)  it  is  evident  that,  for  the  same  values  of  A,  the  influence  of  an 
error  in  the  measured  angle  A  has  the  least  effect  on  the  magnetic  declination  when  the 
star  is  low.  A  low  altitude  is  a  desideratum  not  peculiar  to  this  method  alone,  but  also 
to  any  method  of  astronomically  determining  an  azimuth  from  a  single  star.  With  usual 
oompass-devices  consisting  of  mirror  combinations,  the  error  increases  with  the  altitude 


Ocean  MAaNEnc  Obbbbvatiomb,  1905-16 

Tabu  4a.—V<dm»  of  FinKMtr  Ttrwt,  ST£4MAime  k-l). 


Mabine  Columatino-Compass 


183 


Tablb  47.— Correctiofi  Factor  far  ElnaUd 

'  or  DepfftMtf  SeaU,  km  h  come  A. 
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in  a  greater  ratio  than  sec  h.  The  azimuth  of  the  star,  moreover,  depends  on  the  com- 
puted local  time,  which  is  subject  to  errors  of  the  ship's  run.  If  A«,  S,  g,  and  h  represent 
the  asimuth,  declination,  parallactic  angle,  and  altitude  of  the  star,  respectively,  for  the 
hour  angle  (,  at  the  instant  of  observation  for  magnetic  declination,  we  have  tiie  well- 
known  differential  formula  of  spherical  astronomy, 

,  .       cos  i  cosg  ,. 

aAg  « r — at 

cos  A 

from  which  it  is  likewise  evident  that  the  influence  of  an  error  in  time  on  the  azimuth  is  a 
miniiniiTTi^  as  f ar  as  the  altitude  is  concerned,  when  the  star  is  in  the  horizon.  If  the  alti- 
tudes are  measured  simultaneously  with  the  magnetic-declination  observations,  an  excellent 
eheck  on  the  azimuth  is  available  through  the  equation 


oos^il  —  Vcoe80os(8  —  p)sec^secA 

in  which  ^  and  p  denote  the  latitude  and  polar  distance  respectively ,  and  6  ■■  H^  +  p  +^)* 
The  azimuth  obtained  from  this  formula  is  independent  of  the  local  time,  and  is  affected 
ooly  by  refraction  errors  in  the  low  altitude,  and  by  errors  in  the  assumed  latitude. 
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Instrumental  Constants. 

In  a  perfect  instrument  the  axes  of  the  four  colUmators  would  lie,  two  in  the  vertical 
plane  of  the  magnetic  meridian  and  two  in  the  vertical  plane  at  right  angles  to  it;  and  all 
four  would  be  in  the  plane  of  the  horizon.  There  are  mechanical  difficulties,  however, 
which  prevent  the  exact  realization  of  these  requirements,  and  even  if  the  instrument  were 
found  to  be  in  perfect  adjustment,  it  is  questionable  whether  it  would  remain  so. 

The  determination  of  all  the  constants  may  be  made  with  a  non-magnetic  theodolite, 
at  a  station  where  the  exact  magnetic  declination  is  known  during  the  operation,  together 
with  an  approximate  value  of  the  vertical  intensity.  Usually  at  such  a  station  the  astro- 
nomic azimuth  of  some  mark  is  known.  This  mark  may  be  used  as  the  reference  jxiint 
for  each  scale,  provided  it  is  in,  or  nearly  in,  the  direction  of  one  of  the  inter-caniiDal 
points,  in  which  case  it  may  be  seen,  imobstructed  by  the  compass  bowl,  from  any  of  the 
f om:  positions  occupied  by  the  theodolite  in  front  of  the 
four  scales.  If  the  view  of  the  mark  is  obstructed  by 
the  bowl,  another  must  be  selected. 

The  compass  is  mounted  on  its  tripod  and  oriented 
fully  6  minutes  before  observations.  The  theodohte  is 
set  up  on  the  arm  of  the  compass  tripod,  placed  before 
the  selected  scale,  leveled,  and  adjusted  to  sidereal  focus 
(see  PL  11,  Fig.  7);  it  is  then  pointed  upon  the  middle 
division  of  the  scale,  with  horizontal  thread  just  touching 
the  tops  of  the  shorter  divisions.  If  the  telescope  now 
points  symmetrically  through  the  window,  the  arm  is 
firmly  clamped,  the  bowl  is  gently  drummed,  and  the 
observations  begin.  Otherwise  the  arm  must  be  shifted 
for  a  lateral  adjustment  and  all  the  footscrews  turned 
to  produce  a  vertical  adjustment  as  required. 

The  constants,  Ac  and  m,  for  each  scale  may  be 
determined  from  the  same  observations.  Observations 
begin  with  readings  on  the  mark,  theodolite  direct,  or 
vertical  circle  right,  followed  by  a  pointing  on  each  visi- 
ble division  of  the  scale,  and  a  reversal  of  the  procedure 
with  vertical  circle  left.  In  the  middle  of  the  operation 
it  will  be  convenient  to  determine  m  by  pointing  on  the 
tops  of  the  shorter  divisions  and  reading  the  vertical 
circle,  both  left  and  right. 

Redudion  to  center. — If  there  is  an  appreciable  ratio  between  the  distances  compassr- 
theodolite  and  compass-mark,  then  the  angles  measured  by  the  theodolite  must  be 
reduced  to  the  compass  center.  In  Figure  1 1  the  relative  positions,  in  plan,  of  compass, 
theodolite,  and  mark  are  shown  at  C,  r„  and  M,  respectively.  The  theodohte  is  in  posi- 
tion to  determine  the  constants  of  scale  S.  The  line  CS  represents  the  direction  of  ''scale 
south,"  or  approximately  the  magnetic  meridian.    Let 

TfC  =  d  =  the  distance  of  the  theodohte  from  the  compass. 
CM  =  Z)  =  the  distance  of  the  mark. 
ST,M  =  the  angle  measured  by  the  theodohte,  always  obtained  by  taking  the  scale 

reading  from  the  mark  reading. 
c'  =  the  correction  to  this  angle,  in  minutes  of  arc,  to  reduce  it  to  the  compass 

center,  always  algebraically  additive  to  ST^M. 
SCM  =  the  angle  required  at  the  compass  center. 

Then  by  the  formula  for  reduction  to  center, 


Fio.  11. 


c'  = 


D  sin  V 


(7) 
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Marine  Columating-Compass  1K5 

For  the  determination  of  the  constants  of  marine  ooUimating-compass  1  (01)^  the  theodo- 
lite is  mounted  on  an  arm  which  may  be  turned  about  the  vertical  axis  of  the  compass  (see 
PL  11,  Fig.  7).  The  distance,  d  »  28.1  cm.,  is  therefore  constant  for  this  particular 
arrangement.  If  this  value  be  introduced  in  equation  (7),  and  if  D  be  expressed  in  kilo- 
meters, the  above  equation  becomes 

,     0.97  sin  STM 

^  =  D 

It  is  readily  seen  that  the  formula  is  general,  and  applies  to  any  scale  with  the  mark  in  any 
quadrant,  and  in  general  the  correction  is  numerically  the  same  with  opposite  signs  for 
opposite  scales. 

A  specimen  of  observation  and  calculation  of  the  constants,  Ac  and  m,  determined  at 
Suva  Vou,  Fiji,  June  15,  1912,  for  scale  south  and  for  scale  west,  is  given  on  page  186.  (For 
a  view  of  shore  observations,  see  PI.  11,  Fig.  7.)  The  observations  were  made  at  station 
A  simultaneously  with  the  magnetometer  observations  at  station  B.  The  resulting  values 
are 

m  -  -l?llandiic*  »  +  0?35,  for  scale  south ; 

m  =  +0?59  and  A^  =  +90?78,  for  scale  west. 

Adjustment  of  Ac. — Where  the  horizontal  angles  between  adjacent  scales  have  been 
determined  independently  of  the  magnetic  declination  or  of  the  magnetic  direction  of 
each  scale,  by  simultaneous  readings  of  the  two  scales  with  two  theodolites  which  have 
been  collimated  one  upon  the  other,  then  the  individual  determinations  of  Ac  for  each 
scale  serve  to  determine  the  Ac  for  all  the  other  scales.  The  values  of  Ac  for  each  scale 
can  then  be  made  to  depend  upon  all  the  observations  of  Ac  for  the  four  scales. 

Before  proceeding  to  this  adjustment,  which,  by  the  method  of  least  squares,  finally 
leads  to  very  simple  expressions,  let  us  first  consider  the  adjustment  of  the  horizontal 
angles  between  adjacent  scales  when  measured  with  two  theodolites,  as  above  explained. 

Let  R^,  R"f  R"^f  R'^y  be  the  most  probable  values  of  the  angles  between  the  scales 
E,  N,  W,  and  S,  so  that  the  measurements  give: 

Ri    +f/    =  i4«  -  i4«  +  v^    -  ft^    with  weight  p' 
RV  +1^^  =il«-il«.  +  t/^  =ft^^  with  weight  p^^ 
ffJJ  +  ^^^  ^Ac^-Acc  +  ^^^  =  fi^^'  with  weight  jf^' 
ftj'^  +  r'*'  =  ile.  -  A«  +  r'^  =  ft'^  with  weight  j/*' 

We  have  the  condition  equation 

The  one  correlate,  Ci,  is  given  by 

^      360^  -  {JR\  +  R\'  +  R\''  +  iejO 
Ci=: J 

V 
and 

which  are  the  most  probable  corrections  to  Ai,  £«^,  /ii'^,  /2p^,  respectively. 
Ifp/«p/^  =  p'//  =  p/^,then 

The  angles  A',  R"^  R^"^  R'^  remain  constant  if  no  structural  dianges  take  place  in 
the  optical  systems,  but  the  constants  A«,  Aop,  Am,  and  il«  are  subject,  each  equally,  to 
changes  that  may  occur  in  the  direction  of  the  magnetic  axis  of  the  system  of  parallel 
magnets. 
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DeUrminatian  of  ComtanU  far  Marine  CMimating4Jampa$B,  Cl 


Station:  Sura  Voa 
ThsodoUie:  5 
ChranW:  266 


DaU:  June  15»  1912 
Magn'r:  4  «i  tU.  B 


Obf'r:  H.  M.  W.  E. 
B^d^r:  W.  J.  P. 


I.  Scale  Soath 


Scale  Div.  4,  Ver.  Cir.  R 

R 
R 
L 
L 
L 


«  « 

u  m 

u  « 

m  m 

m  m 


5,  " 

6,  " 
6,  " 
6.  " 
4,  " 


Hoiiiontal  Circle 


Ver.  A 


359  04  50 

360  02  40 

361  01  10 
181  02  20 
180  03  20 
179  04  40 


Mean  Scale 
Mark,  Ver.  Cir.  R 

m  «        «    L 

Mean  Mark  Reading 
Marie  less  Mean  Sew 
Reduction  to  Center 
Reduced  Angle  ■■  a 


Astronomic  Aximuth  of  Mark 
Magnetic  Declination  (D) 
Magnetic  Aximuth  of  Mark  •  h 
Am  ^  h  ^  a 


315    47    20 
135    47    00 


B 


05  00 

03  00 

01  10 

02  10 

03  30 

04  20 


47    20 
47    20 


Means 


359 
360 
361 
181 
180 
179 


04.9 
02.8 
01.2 
02.2 
03.4 
04.5 


0    03.2 

315    47.3 

47.2 


315    47.2 

315    44.0 

-0.2 

315  43.8 

326    27.8 
+10    22.8 

316  05.0 
+21.2 

(+0?35) 


Vertical  Circle 


Ver.  A 


178    59    50 
1    13    00 


B 


59    00 
11    30 


ffi< 


nmg 


Ending 


Mean 
Corr'n256onL.M.T. 

Local  mean  time 


Means 


-1    00.6 
-1    12.2 


-1    06.4 

(-mi) 


Time 


h 
10 


24 
33 


10 


28 
12 


10        16 


RemariLS 


Mark  distant,  3  km. 
P  at  A  by  Stand.,  +10*  22^.8 
Instrument  dnmmied 
Window  1 


U.  Scale  West 


Scale  Div.  4,  Ver.  Cir.  R 


m 
m 

H 

m 
ft 


a 

« 
a 
« 


6, 
6, 
6, 
5, 
4. 


R 
R 
L 
L 
L 


Mean  Scale 
Mark,  Ver.  Cir.  R 


Horixontal  Circle 


Ver.  A 


89  25  00 

90  26  50 

91  29  30 
271  30  30 
270  29  00 
269  27  00 


315    47    10 
135    46    30 


B 


25  20 

27  00 

29  40 

30  30 
29  20 
27  00 


47    00 
47    00 


Mean  Mark  Reading 
Mark  leas  Mean  Scaie 


koing 
Scal( 

Reduction  to  Center 
Reduced  Angle  *  a 


Astronomic  Asimuth  of  Mark 
Magnetic  Declination  (D) 
Magnetic  Asimuth  <A  Mark  »  b 


Means 


89 

90 

91 

271 

270 

269 


25.2 
26.9 
29.6 
30.5 
29.2 
27.0 


90    28.1 


315 


47.1 
46.8 


315  46.9 
225    18.8 

-0.2 
225    18.6 

326  27.8 

+10  22.2 

316  05.6 
+90  47.0 

(+90?78) 


Vertical  Circle 


Ver.  A 


180    48    00 
359    37    30 


B 


48    00 
36    00 


m 


Beginning 

Mean 
Corr'n256onL.M.T 

Local  mean  time 


Means 


+0    48.0 
+0    23.2 


+0    35.6 
(+0?59) 


Time 


h 
10 


III 
46 
56 


10 


51 
12 


10        39 


Remarks 


Mark  distant,  3  km. 
D  at  A  by  Stand.,  +10*  22^.2 
Instrument  drummed 
Window  2 
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Let  t/,  t/',  f/^'i  and  t/^  be  the  most  probable  corrections  to  the  independently 
observed  values  Am,  Am,,  Am,  and  Am,  respectivelyi  of  the  scale  constants.    Placing 


iU  -  il^p  -  R" 


n 


II 


A^-Am-R^ 


II 


n 


/// 


the  equations  of  condition  are 

Assigning  to  Am  one-half  the  weight  of  the  others,  since  ''scale  east''  for  this  particular 
instrument  is  slightly  out  of  focus,  the  adjustment  gives 

t^    =  +0. 143  n'  +0.429  n"  +0.714  n"'  v'"  -  +0.143  n'  -0.571  n"  -0.286  n'" 

v^'  = +0.143  n' +0.429  n^' -0.286  n'^'  i/^  = -0.867  n' -0.571  n^' -0.286  n^^' 

The  numerical  coefficients  of  n^  n",  n"'  will  always  be  the  same  for  the  above  assigned 
qrstem  of  weights. 

When  equal  weights  are  assigned  to  the  four  scales,  the  adjustment  gives 

v^    - +0.25  n^ +0.50  n^^ +0.75  n^^^  t;''' - +0.25  n^ -0.50  n^' -0.25  n^^' 

r'^  = +0.25  n' +0.50  n^^ -0.25  n'^^  v^^  = -0.75  n^ -0.50  n'^ -0.25  n'^^ 

which  are  the  most  probable  corrections  to  the  observed  values  of  Am,  Am,,  Am,  and  Am, 
on  this  assumption. 

In  Table  49  are  tabulated  the  observed  values  of  A^  during  the  first  and  second  cruises 
of  the  Carnegie  and  the  adjusted  values  resulting  from  taking  R^  «  90?209,  R"  "89?601, 
If"  =*90?339,  and  fi'^  =89?850.  These  values  of  i^^  R",  R^",  and  ff^  were  determmed 
at  Rio  de  Janeiro  in  December  1910,  and  at  Antipolo  in  February  1912,  by  using  two 
theodolites.  From  October  1910  to  January  28, 1914,  the  observers  drummed  the  instru- 
ment lightly  with  the  fingers,  to  overcome  the  frictional  resistance  of  the  pivot. 

Tabu  49.— OUerMd  and  AdjuaM  VqIum  qf  A^. 


Obeerved  Valueo  of  A^  for  Seale 

Adjusted  Valuet  of  ^  for  Seale 

DaU 

Sution 

Remark! 

S 

W 

N 

E 

8 

W 

N 

B 

IMO 

• 

o 

o 

o 

o 

e 

o 

o 

Jan.  27 

Waahington 

0.40 

00.50 

180.40 

270.36 

0.32 

00.66 

180.26 

270.47 

July  36 

NewYork.Bronz 

0.38 

00.58 

180.45 

270.40 

0.37 

00.71 

180.31 

270.52 

0€t.26,2g 

Falmouth 

0.42 

00.70 

180.48 

270.45 

0.42 

00.76 

180.36 

270.57 

1010 

Jan.  14.18 

Bennuda 

0.30 

00.56 

180.36 

270.44 

0.33 

00.67 

180.27 

270.48 

Mar.  0.10 

New  York,Bronz 

0.41 

00.67 

180.38 

270.46 

0.38 

00.72 

180.32 

270.53 

JllM  13 

Greanport 

0.32 

00.71 

180.36 

270.30 

0.35 

00.60 

180.20 

270.50 

Attc.    2 

^^equee 

0.40 

00.76 

180.38 

270.56 

0.44 

00.77 

180.38 

270.58 

Oct.     4 

Pinbeiro 

0.36 

00.63 

180.32 

270.44 

0.34 

00.67 

180.28 

270.48 

Inetr.  drummed. 

Deo.  12 

1011 
Jan.  24 
Mar.  30 

Rio  de  Janeiro  . . 

0.36 

00.66 

180.31 

270.40 

0.35 

00.60 

180.20 

270.50 

Do. 

Pilar 

0.33 
0.36 

00.64 
00.68 

180.33 
180.20 

270.40 
270.46 

0.84 
0.34 

00.68 
00.68 

180.28 
180.28 

270.40 
270.40 

Do. 
Do. 

Cape  Town 

June  10 

Colombo 

0.37 

00.68 

180.20 

270.47 

0.35 

00.60 

180.20 

270.50 

Do. 

Not.  10 

BaUTiai 

0.33 

00.67 

180.26 

270.48 

0.33 

00.67 

180.27 

270.48 

Do. 

1012 

Feb.  27 

Anttpolo 

0.40 

00.77 

180.32 

270.53 

0.40 

00.74 

180.34 

270.55 

Do. 

June  16 

SuraVou 

0.35 

00.78 

180.33 

270.53 

0.80 

00.73 

180.83 

270.54 

Do. 

Sept  20 

P^Mpeete 

0.38 

00.74 

180.33 

270.55 

0.80 

00.73 

180.33 

270.54 

Do. 

1013 

Feb.  10 

Port  Stanley 

0.33 

00.70 

180.27 

270.52 

0.35 

00.68 

180.28 

270.40 

Do. 

May    5 

Jabuni,  Bahia... 

0.43 

00.70 

180.34 

270.58 

0.43 

00.77 

180.37 

270.58 

Do. 

July  15 

Loncwood* 

0.41 

00.78 

180.27 

270.70 

0.87 

00.71 

180.31 

Do. 

Sept.  15 

Fatanouth 

0.83 

00.70 

180.20 

270.55 

0.85 

00.60 

180.20 

270.50 

Do. 

1014 

Jan.  28 
Meaae. . . . 

Waehincton 

0.86 

00.73 

180.27 

270.55 

0.37 

00.71 

180.31 

270.52 

Do. 

0.87 

00.71 

180.31 

870.5S 

K)bi«  i  id  Taj—  of  B  unto  Nwled. 
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V. — ^The  value  v  of  one  scale  division  ia  obtained  from  the  theoddite  pointmgB  oo  the 
various  divisions.  In  a  well-constructed  instrument  it  should  be  so  neaily  1  degreee  that 
for  a  fraction  of  a  degree  it  may  be  taken  as  unity.  This  offos  the  <^iportumty  of  saving 
one  step  in  the  sea  calculations.  It  is,  however,  most  important  that  v  remain  constant 
throughout  any  one  scale. 

m. — The  inclination  of  each  scale  is  determined  independently,  bat  for  opposite  scales 
the  valuefl  are  connected  by  the  relations 

(90^  -  m.)  +  (90^  -  m.)  =  /j;  (90^  -  m«)  +  (90*  -  iiw)  -  «?' 

or 

where  Hi  and  Ri'  are  constant,  so  long  as  there  are  no  structural  changes  in  the  optical 
systems.    They  also  may  be  determined  by  simultaneous  observations  with  two  theoddites. 
From  simultaneous  measurements  made  with  two  theodolites  at  AntqMdo,  March 
1912,  the  following  relations  were  established: 

m,  +  m,  =  +  0?18  m,  +  in.=  +  0?40 

The  values  of  r/i«  and  m«  are  constant.  The  values  of  m«  and  m.  change  with  yarjrmg 
values  of  the  vertical  component  Z  of  the  Earth's  magnetic  field.  The  rdation  to  Z  is 
deduced  from  observations,  and  appears  to  be  expressed  by  the  linear  equation 

m  =  a  +  cZ 

Then,  for  each  station  there  is  an  observation  equation  of  the  form 

a  +  cZ  ^  nit 

and,  on  account  of  the  relation 

m.  +  m,=+0?18 
another,  thus: 

a  +  cZ=+0?18-m. 

Writing  m«,  for  J(m,  +0?18  —  rrin),  the  above  two  observation  equations  may  be  written 
an  a  Hingle  equation  as  follows : 

a  +  cZ  =  m^ 

The  adjustment  may  then  be  made  with  a  single  equation  for  each  station. 
The  adjustment  for  the  first  and  second  cruises  of  the  Carnegie  gives 

m^  =  m.  =  -  0?75  +  1?27  Z 

and  from  the  relation  m,  +  7n«  =  +0?18,  there  results 

?7i^=  +  0?93-l?27Z 

The  observed  values  of  rritn,  and  the  values  computed  from  the  above  are  given,  together 
with  their  differences,  in  Table  50.  The  values  of  m»  and  m«,  after  having  been  adjusted 
to  the  condition  of  m,  +  ni^  =^  +0?40,  are  likewise  found  in  the  table;  their  mean  values 
are  also  given,  since  rrin  and  nit  do  not  vary  with  Z. 

A  ioord  of  caution  may  not  be  out  of  place  regarding  detenmnations  of  all  constants 
of  this  compass,  but  particularly  for  R',  R"y  R'",  R^^,  R[,  R{^.  The  instrument  should 
be  shielded  from  the  direct  rays  of  the  Sun,  which,  by  heating  certain  parts  unequally,  may 
cause  small  displacements  that  may  be  magnified  many  times  throu^  the  optical  system. 
The  bowl  should  be  drummed  just  before  making  each  pointing  on  the  scale,  to  overcome 
friction  at  the  pivot. 
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Tabls  60. — Value$  of  the  Scale  IndifuUiam,  m. 


Date 

Station 

*»»tii 

*»• 

mg 

Obs*d 

Comp'd 

0  ^C 

1000 

Jan.  27 

July  26 

Oct.  26.20.. 

1010 
Jan.   14.18.. 
Mar.    0.10.. 

June  13 

Aug.    2 

Oct.     4 

Dec  12 

1011 

Jan.  24 

Mar.  30 

June  10 

Nov.  10 

1012 

Feb.  27 

June  15 

Sept.  26 

1013 

Feb.  10 

May    6 

July  15 

Sept.  15 

1014 
Jan.  28 

Washington 

NewYork.Bronz 
Falmouth 

Bermuda 

New  York.Bronz 

Greenport 

Vieques. 

Pinheiro 

Rio  de  Janeiro  . . 

Pilar 

o 

-0.10 
-0.08 
-0.10 

-0.08 
+0.01 
-0.02 
-0.33 
-0.66 
-0.84 

-0.02 
-1.14 
-0.70 
-1.04 

-0.60 
-1.00 
-1.02 

-1.07 
-0.72 
-1.00 
-0.14 
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Method  of  Sea  Observations. 

. .. 

If  the  instrument  has  just  been  mounted,  or  if  the  vessel  has  changed  her  course  since 
the  last  observation,  the  cylinder  is  oriented  some  5  minutes  before  observations,  so  as 
to  avoid  producing  currents  in  the  liquid  by  a  sudden  or  large  turn  of  the  cylinder  at  the 
beginning  of  the  observations.  Determinations  at  sea  may  be  made  by  one  observer, 
assisted  by  one  recorder  (see  PI.  11,  Fig.  3).  But  it  is  desirable  to  have  another  observer 
to  measure  the  altitude  of  the  object  sighted  in  the  middle 
of  a  set  of  10  or  11  readings,  and  some  one  to  keep  the 
cylinder  oriented  when  the  vessel  yaws  more  than  2^. 

Figure  12  represents  a  projection  of  a  scale  upon  a 
plane  perpendicular  to  the  collimator  axis,  so  that,  if  held 
in  a  vertical  position  at  arm's  length  in  the  direction  of 
the  selected  cardinal  point,  it  would  give  a  fair  perspec- 
tive of  the  scale.  As  the  sextant  is  rotated  about  its 
line  of  sight,  the  star's  (Sun's)  image  is  seen  in  successive  positions  indicated  by  the 
circles.  A  rapid  swing  to  and  fro  through  a  small  arc,  by  persistence  of  vision,  produces 
a  bright  line  or  bar,  so  that  the  scale  can  be  read  at  any  instant,  even  when  its  motion  is 
quite  rapid,  provided,  of  course,  that  it  is  not  lost  to  view.  Herein  lies  the  difficulty  for 
Uie  novice,  especially  if  there  is  much  rolling  or  pitching.  But,  having  once  acquired  the 
sldU  necessary  to  preserve  a  continuous  view  of  the  scale,  he  has  no  difficulty  in  projecting 
the  image  of  the  star  upon  it,  by  rotating  the  sextant  as  above  described. 

The  star's  (Sun's)  image  is  observed  for  one  or  two  oscillations  to  determine  mentally 
the  amplitude.    It  is  then  quickly  moved  by  the  index  arm  so  that  it  oscillates  to  equal 
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difltanoee  on  each  side  of  the  middle  or  long  tdbA.  The  scale  vahie  is  tfans  practically 
elhninated.  Care  is  taken  to  read  dUmg  the  upper  portion  of  the  scale,  snoe  the  inclina- 
tion, m,  is  determined  for  an  imaginary  line  just  touching  the  upper  ends  of  the  small 
divisions.  This  becomes  more  important  as  the  star's  (Sun's)  altitude  increases.  In 
Figure  12  the  correct  reading  is  4.5,  whereas  the  reading  4.0  at  the  bottom  of  the  scale  would 
be  erroneous.  The  observer  should  shift  his  eye  and  the  sextant  so  as  to  keep  the  middle 
division  in  the  center  of  the  mirror.  The  Sun's  image  is  kept  cloee  to  the  edge  of  the  silvered 
portion  of  the  horizon  glass  of  the  sextant. 

It  may  be  noted  that,  since  opposite  scales  are  so  neariy  180^  apent  in  any  plane  com- 
mon to  both,  the  star's  (Sun's)  image  for  the  second  observation  may  readily  be  found  by 
setting  off  the  supplement  of  the  sextant  reading  of  the  first  observation,  providing  opposite 
scales  are  used.  If  opposite  scales  are  employed  symmetrically  in  a  series  of  observations, 
constant  errors  of  the  sextant  are  eliminated,  as  may  be  seen  from  equation  (6),  since,  by 
convention,  A  is  positive  for  one  scale  and  negative  for  the  other. 

A  "set"  consists  of  10  or  11  readings  of  the  scale,  taken  at  extremes  of  the  oscillations, 
or  at  precisely  equal  intervals  of  time.  The  observer  calls  out  ''mark"  at  each  reading, 
and  the  time  is  noted.  During  a  "set"  the  index  arm  or  screw  is  not  touched,  so  that  the 
sextant  reading  corresponds  to  the  mean  of  the  set.  The  observer  "standing  by"  to 
measure  altitudes  notes  the  altitude  at  the  fifth  or  sixth  reading,  or  between  the  fifth 
and  sixth,  according  to  the  proposed  number  of  readings.    (See  PI.  15,  Fig.  2.) 

Specimens  of  observations  and  computations  are  given  on  pages  213^215. 

SEA  DEFLECTOR  FX)R  MAGNETIC  HORIZONTAL  INTENSITY  AND  DECLINATION. 

Early  in  1905,  in  order  to  supplement  the  sea  dip-circle  for  obtaining  magnetic  intensi- 
ties at  sea,  a  deflecting  apparatus  was  devised  by  L.  A.  Bauer  which  could  readily  be 
attached  to  an  ordinary  liquid  compass,  and  make  possible  the  direct  determination  of  the 
magnetic  horizontal  intensity,  as  well  as  of  the  magnetic  declination.^  The  ''sea  deflector" 
has  been  used  throughout  the  ocean  work  accomplished  on  board  the  Galilee,  1906-1908,  and 
on  the  Carnegie,  1909-1916.  The  following  paragraphs  briefly  describe  the  instrum^it  in 
its  later  improved  forms  as  used  on  the  Carnegie,  and  as  constructed  in  the  Department's 
instrument  shop,  under  the  direct  supervision  of  J.  A.  Fleming,  who  is  responsible  for  many 
of  the  improvements.  The  special  requirements  of  the  instrument  were  simplicity  of 
construction,  of  observation,  and  of  computation,  and  availability  both  for  observations 
of  declination  and  horizontal  intensity.  The  earlier  forms  of  the  instrument  used  in  the 
GalUee  work  will  be  foimd  described  on  pages  24-26. 

Declination  Observations. 

As  a  check  upon  the  declination  results  with  the  standard  compass,  the  sea  deflector, 
while  designed  cUefly  for  horizontal-intensity  observations,  has  been  steadily  improved, 
so  that  with  it  good  declination  values  also  may  be  obtained.  This  has  been  accomplished 
by  constructing  the  compass  part  of  the  deflector  practically  ourselves  and  embodying 
the  improvements  described  later.  Three  instruments  of  this  type  (D3,  D4,  and  D5) 
have  been  successively  constructed  in  the  Department's  instrument  shop,  and  supplied 
to  the  Carnegie.  The  instrument  in  its  final  form  is  no  longer  a  mere  attachment  to  a 
compass  supplied  by  mercantile  makers,  but  is  now  entirely  a  distinctive  product  of  the 
Department  of  Terrestrial  Magnetism.  Had  the  original  name,  ''sea  deflector,"  not 
already  been  used,  it  might  now  be  more  appropriately  termed  a  ''sea  magnetometer,"  as 
with  it  both  the  magnetic  declination  and  the  horizontal  intensity  are  determined  at  sea. 

^For  first  descriptions  of  the  instrument,  see  articles  by  L.  A.  Bauer  and  J.  A.  Fleming  in  Twrr,  Mag,,  vol.  11,  pp.  7S-83, 
1906;  vol.  14.  pp.  167-169,1909;  vol.  18,.  pp.  57-62,  1913.    See  also  this  volume,  pp.  24-26  and  191. 
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the  improvements  introduced  being  based  on  the  experience  obtained  with  deflectois  1 
and  2  on  the  Gcdilee'a  cruises.  The  first  instruments  had  shown  some  inherent  defects 
caused  chiefly  by  the  fact  that  navigation  compasses  abeady  on  hand  had  to  be  used.  The 
improvements  in  No.  3  were  along  lines  similar  to  those  introduced  in  No.  4,  differing  in 
detail  as  indicated  in  the  following  description  of  the  latter  instrument. 

Sea  deflector  4- — Additional  experience  showed  that  it  would  be  preferable  to  make  the 
observations  with  deflecting  magnet  both  above  and  below  the  card,  that  the  graduation 
ordinarily  found  on  even  the  best  of  compass  cards  was  not  as  good  as  was  desirable,  and 
that  a  continuous  graduation  from  0°  to  360^  would  prove  advantageous.  Furthermore, 
the  varying  conditions  of  temperature  encountered  in  ocean  work  and  the  accompanying 
unequal  expansion  of  the  various  instrumental  parts  caused  at  times  a  sticking  or  binding 
of  the  bearing  surfaces,  thus  making  it  hard  to  secure  accurate  settings.  To  overcome 
these  difliculties  sea  deflector  4  was  designed  and  constructed  by  the  Department;  this 
instrument  is  shown  in  Plate  12,  Figures  2--9.  It  will  be  described  in  detail,  as  it  is  the 
type  used  on  board  the  Carnegie  since  1911. 

It  differs  from  No.  3  in  that  there  are  now  two  standards  or  deflecting  arms,  so  that  the 
magnet  may  be  mounted  either  above  or  below  the  compass  card.  Elach  standard  has 
provision  for  4  corresponding  deflection  distances.  These  deflection  distances  are  approxi- 
mately the  same  as  were  those  in  No.  3,  viz,  172,  182,  192,  and  201  mm.  The  upper 
standard,  with  the  exception  of  the  clamping  device  for  holding  the  deflecting  magnet  in 
position,  is  made  in  one  piece  and  so  designed  that  it  also  serves  in  a  general  way  to  protect 
the  sight  vanes  used  in  connection  with  the  declination  work.  For  avoiding  paraUax,  two 
pieces  are  attached  to  the  upper  deflection  standard,  having  ^^Y"  cuts  placed  oentrally 
with  the  line  of  sight  of  the  vanes.     (See  PI.  12,  Fig.  4.) 

The  card  graduation  for  this  instrument  (see  PI.  12,  Figs.  7  and  9)  is  made  on  German 
silver,  and  is  continuous  from  zero  at  the  magnetic  north  point  in  a  clockwise  direction,  as 
seen  from  above,  through  360  degrees,  the  least  count  being  1  d^ree.  Every  10-dfi)gree 
graduation  is  numbered,  thus,  1,  2,  3,  4,  etc.,  to  35.  The  5-d%ree  graduations  are  diftr 
tinguished  by  somewhat  greater  length  than  single-degree  graduations.  The  diameter  of 
the  graduation  of  the  card  is  178  mm.  The  surface  of  the  compass  magnets  and  of  the 
brass  flange  carrying  the  graduated  circle,  as  well  as  the  graduated  surface,  have  all  been 
silver-plated  and  made  black,  so  that  the  graduations  stand  out  as  white  lines  agunst  a 
black  background.  The  bottom  of  the  inside  of  the  bowl  has  also  been  blackened,  but  the 
sides  have  been  left  with  the  bright  silvered  surface  in  order  to  provide,  by  reflection, 
suitable  illumination  for  the  graduation.  The  north  point  of  the  card  has  been  marked  by 
an  arrow  on  the  brass  surface  of  the  supporting  flange  and  the  other  cardinal  points  have 
been  marked  by  means  of  straight  lines.  As  in  the  case  of  No.  3,  the  rim  of  the  bold  is 
graduated  into  1-degree  intervals,  everj'  lO-degree  graduation  being  numbered;  two 
verniers  arc  provided  which  permit  reading  to  0?1  and  estimation  to  0?05.  The  diameter 
of  this  graduation  is  248  mm. 

The  bowl,  as  in  the  case  of  No.  3,  has  a  cone  bearing  in  its  inner  ^mbal-ring.  In 
order,  however,  to  effect  greater  ease  of  motion  and,  secondly,  accuracy  of  setting,  a  baU 
bearing  is  provided,  the  adjustment  of  which  is  such  that  the  cone  surfaces  are  uised  for 
centering  purposes,  while  the  balls  carr>-  the  weight  of  the  instrument.  The  detail  of  this 
bearing  is  sliowii  in  Plate  12,  Figures  5  and  6.  Directly  over  the  knife-edge  supports  of 
tlie  bearing  ring  are  two  pinions  with  milled  heads,  which  may  be  used  in  finer  setting  of 
the  bowl,  the  rack  for  this  motion  being  fastened  to  the  under  side  of  the  graduated  lim. 
A  single  clamp  is  provideii  for  clamping  the  bowl  in  its  bearing;  this  clamp,  however,  is 
not  for  use  in  the  sense  of  a  slow  motion  in  connection  with  the  rack,  but  is  merely  provided 
to  hold  the  bowl  in  position  when  necessary,  and  for  use  with  the  device  for  measuring 
angles  between  prominent  objects  when  entering  or  lea\'ing  a  harbor. 
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sighting  vane  LI  has  been  provided  with  arrangements  for  two  slides,  one  for  the  piano- 
parallel  glass  with  reference  line,  and  the  other  for  the  color-glass  shade;  (A)  the  v^ical 
ground-glass  pieces  with  reference  lines  for  the  azimuth  work  are  mounted  by  clamps 
instead  of,  as  in  No.  4,  by  screws,  thus  permitting  a  more  permanent  adjustment,  and 
eliminating  the  danger  of  breakage  occasioned  by  drilling  of  glass  plates;  (i)  the  line  of 
reference  on  the  cover  plate  is  white  instead  of  black,  as  for  No.  4.  (For  views  of  No.  5, 
see  PI.  13.) 

Scheme  of  Horizontal-Intbnsitt  Observations. 

In  the  following  scheme  of  observations  for  horizontal  intensity,  the  deflection  dis- 
tances, in  the  order  of  increasing  magnitude,  are  designated  for  the  upper  standard  as 
Ul,  U2,  U3,  and  U4;  for  the  lower  standard  tiiey  are  similarly,  LI,  L2,  L^,  and  L4.  For 
distances  1  and  3,  the  sight  line  is  L2  to  180""  and  L2  to  0^,  and  for  distances  2  and  4,  L2  to 
270''  and  L2  to  90^.  Observations  for  horizontal  intensity  are  made  in  general  by  using 
two  deflection  distances,  for  example,  Ul  and  LI  together  with  U3  and  L3.  The  scheme 
for  distances  1  and  3,  comprising  16  positions,  will  iUustrate  the  general  method  of  observa- 
tion. From  the  readings  there  results  a  value  of  the  deflection  angle,  u,  for  each  distanee, 
outstanding  defects  of  instrumental  adjustments  being  eliminated,  as  well  as  posmble,  by 
the  scheme  of  observation.  For  each  position  there  are  iak&i  as  many  readings  as  circum- 
stances require,  for  example,  5,  in  the  sea  work. 
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Readings  of  the  ship*s  heading  on  a  reference  compass  (see  p.  203)  are  made  by  a 
second  obser\'er,  simultaneously  with  each  deflector  reading.  These  compass  readings 
are,  of  course,  necessary  only  for  obser\'ations  at  sea,  not  on  land,  their  purpose  being 
merely  to  determine  the  changes  in  ship*s  heading  during  deflector  observations. 

The  scheme  of  observation  is  similar  for  distances  2  and  4,  using  the  sights  stated 
above.  The  times  of  beginning  and  ending  for  each  distance,  as  well  as  the  temperatures, 
are  recorded.    For  low  values  of  H,  the  longer  deflection-distances  are  used. 

In  order  to  avoid  any  drag  of  the  magnet  card,  2  full  minutes  are  allowed  at  the  bqpn- 
ning  of  observation  for  each  magnet  (not  distance)  after  the  magnet  is  in  position,  as  also 
between  each  reversal  of  sights  and  bowl :  a  full  minute  is  aUowed  between  all  other  positicHis. 

The  minimiun  time  required  for  a  half  set.  from  the  beginning  of  reading  to  ttie  end,  is 
about  S  minutes,  but  in  general,  making  allowance  for  interruption  and  repetition,  about 
10  minutes  are  required.  All  possible  precautions  are  taken  against  setting  up  motion  of 
the  liquid  in  the  bowl  by  sharp  reversals  of  sights  and  bowl,  as  well  as  to  avoid  lifting  the 
card  off  the  pivot  by  the  action  of  the  deflecting  magnet  during  re\'ersal  of  the  bowl,  the 
dertecting  magnet  being  removed  during  such  reverssUs  and  held  sufficiently  far  away  to 
have  no  effect.   The  oon\plete  set,  using  two  distances,  i^ith  repetitions  of  readings,  as  may 
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be  required  by  the  conditions  of  sea,  is  made  to  extend  over  nearly  an  hour's  time,  during 
i^ch  simultaneouB  dip  and  intensity  observations  are  made  in  the  forward  observatory  with 
the  sea  dip-circle.  The  sea  deflector  is  moimted  in  the  after  observatory.  Plate  1 2,  Figure  2, 
shows  observations  being  made  with  the  instrument  mounted  aboard  the  Carnegie. 

A  spechnen  of  sea  observations  and  of  computations  will  be  found  on  page  217.  For 
specimen  illustrating  the  determination  of  instrumental  constants  at  shore  stations,  see 
page  240. 

SEA  DIP-CIRCLE  FOR  INCLINATION  AND  TOTAL  INTENSITY. 

The  modified  form  of  sea  dip-circle,  described  in  connection  with  the  Galilee  work 
(pp.  21-23),  was  used  throughout  the  cruises  of  the  Carnegie,  1909-1916.  A  new,  rever- 
sible gimbal-stand,  however,  on  which  the  sea  dip-circle  is  mounted,  was  designed  and  the 
new  portions  were  constructed  in  the  instrument  shop  of  the  Department  (for  description, 
see  pp.  196-197,  and  PI.  14,  Fig.  5).  The  new  stand  was  installed  on  the  Carnegie  during 
Cruise  II,  at  Tahiti  in  1912.  With  this  stand,  the  effect  of  any  lack  of  level  of  dip  circle 
during  observations  may  be  more  effectively  eliminated  or  minimized  than  previously. 
Bef(»«  the  introduction  of  the  new  stand,  as  well  as  since,  the  same  precautions  were  taken 
to  control  level  of  dip  circle  as  were  observed  in  the  Galilee  work  (see  p.  22).  For  views 
of  the  sea  dip-circle  used,  see  Plate  4,  Figure  3,  and  Plate  14,  Figure  1. 

Both  defection  distances,  as  provided  in  the  modified  sea  dip-circle,  have  proved  availr 
able  for  all  the  Carnegie  cruises,  with  the  exception  of  a  small  portion  on  Cruise  II  in  1913, 
when  the  vessel  was  off  the  Brazilian  coast  and  near  the  magnetic  equator;  in  this  region 
the  short  deflection-distance  could  not  be  used,  but  no  difficulty  was  experienced  with  the 
long  distance.  Diuing  the  period  November  18, 1910,  to  March  7, 1911,  when  deflections 
at  short  distance  were  not  possible,  double  the  usual  number  of  intensity  observations 
with  the  loaded  needle  were  made. 

Various  investigations  have  been  made  with  respect  to  the  improvement  of  the  loaded- 
dip  observations.  In  quiet  waters,  intensity  results  of  value  may  be  obtained  from  these 
observations,  if  made  with  care.  Whenever  there  is  any  considerable  motion  of  ship, 
howevo*,  especially  of  rolling  and  pitching,  then  dynamic  effects  enter  as  the  result  of  the 
comparatively  large  leverage  of  the  eccentric  load  on  the  needle,  the  load  or  weight  being 
inserted  in  the  blade  of  the  needle  near  one  of  its  ends.  At  such  times  but  little  use, 
if  any,  can  be  made  of  the  observations.  Accordingly,  throughout,  chief  dependence  has 
been  placed  on  the  intensity  results  from  the  deflection  observations,  though  the  loaded- 
dip  results  have  been  used  whenever  observing  conditions  warranted  doing  so. 

In  the  original  design  of  the  sea  dip-circle  it  was  intended  that  for  the  loaded-dip 
obeervations  the  load  or  weight  inserted  in  the  needle  should  be  shifted  from  one  end  of 
needle  to  the  other  when  passing  from  one  magnetic  hemisphere  to  the  opposite  one.  In 
the  northern  magnetic  hemisphere,  for  example,  the  suitably  selected  weight  was  to  be 
inserted  in  the  south-seeking  end,  or  in  the  end  of  the  needle  which  was  above  the  horizon. 
In  the  southern  magnetic  hemisphere,  on  the  other  hand,  the  weight  was  to  be  inserted  in 
the  north-seeking  end  of  needle.  It  was  even  intended  that  the  weight  should  be  varied 
from  time  to  time  according  to  the  magnetic  latitude  of  the  region  of  work.  For  this 
purpose  spare  weights  are  provided,  some  of  which,  because  of  lack  of  marking,  could 
readily  be  confused  with  one  another.  Accordingly,  a  simple  brass  case  was  dedgned  to 
contain  these  weights,  with  such  appropriate  designations  as  to  avoid  possible  confusion. 
Referring  to  Plate  14,  Figure  2, 6  holes  will  be  seen  in  which  the  various  weights  are  inserted. 
A  weight  placed  in  the  hole  between  the  figures  1  and  1  is  designated  weight  11 ;  weight 
12  is  the  one  in  the  hole  between  the  figures  1  and  2.  The  lengths  of  the  weights,  which 
were  made  of  German  silver,  were  also  measured  in  order  to  help  to  identify  them. 
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We  have  not  found  it  advantageous  on  a  cruise  to  vary  the  weight  or  its  position 
from  one  end  of  the  needle  to  the  other.  According  to  test  observations  at  Washington, 
or  at  some  port,  the  most  suitable  weight,  answering  as  well  as  possible  the  theoretical 
requirements  for  a  cruise,  is  selected.  Thereafter  no  change  is  made,  except,  of  course,  in 
case  of  accident.  The  intensity  constant  is,  however,  controlled  by  shore  observations 
at  every  port  of  the  cruise. 

In  general,  if  sufiFicient  opportunities  are  presented  to  make  control  observations  of 
the  intensity  constants  at  ports  about  once  a  month,  and  if  adequate  care  is  taken  of  the 
intensity  needles,  it  is  quite  possible  to  eliminate  the  more  or  less  troublesome  loaded-dip 
observations  and  rely  entirely  on  the  deflection  observations,  if  they  are  made  with  the 
precautions  taken  on  the  Carnegie. 

MARINE  EARTH-INDUCTOR  FOR  INCLINATION. 

One  of  the  problems^  encoimtered  in  ocean  magnetic  work  covering  an  extensive  area 
has  been  the  satisfactory  determination  of  the  variations,  with  change  in  magnetic  latitude, 
of  the  inclination-corrections  on  standard  for  dip-circle  needles.  This  problem  has  been 
the  more  difficult  because  of  the  mechanical  impossibility  (despite  the  most  skillful  and 
careful  workmanship)  of  producing  a  perfect  axle.  Up  to  the  present  time  the  corrections 
on  standard  have  been  obtained  with  the  aid  of  the  observation  at  the  ports  visited,  where 
intercomparisons  were  secured  between  a  standardized  earth-inductor  and  the  sea  dip- 
circles.  A  second  problem,  as  yet  unsolved,  is  the  determination  of  possible  dynamic 
effects^  upon  the  direction  taken  by  the  needle  during  observations  because  of  the  ship's 
motion.  Since  the  shore  stations  are  often  widely  separated,  and  the  conditions  aboard 
ship,  where  the  instruments  and  needles  are  in  constant  motion,  are  so  very  different  from 
those  on  shore,  it  became  desirable  that  some  form  of  instrument  should  be  devised  for  the 
purpose  of  seciuing  standardizations  and  the  required  control  on  board  ship,  t.  e.,  in  transit 
from  port  to  port.  The  satisfactory  performance  of  the  earth  inductors  of  various  makes 
and  designs,  as  evidenced  by  the  extensive  intercomparison  work  of  the  Department  of 
Terrestrial  Magnetism,^  indicated  that  this  type  of  instrument,  if  it  could  be  made  appli- 
cable for  observation  at  sea,  might  be  so  utilized.  After  an  extended  theoretical  study*  of 
all  the  conditions  involved,  the  design  and  construction  of  the  desired  apparatus  in  the 
Department's  instrument  shop  were  imdertaken  under  J.  A.  Fleming's  supervision. 

Description.* 

The  elements  of  the  marine  earth-inductor  are  essentially:  (a)  an  improved  form  of 
gimbal  stand  that  will  maintain  an  average  mean  position  of  equilibrium  and  will  permit 
complete  reversal  of  the  gimbal  rings  and  bearings  in  order  to  eliminate  errors  of  level; 
(6)  a  portable  form  of  earth  inductor  with  such  means  for  rotating  the  coil  as  will  not  in 
any  way,  when  in  use,  disturb  the  gimbal  rings,  and  (c)  a  galvanometer  of  sufficient  sensi- 
bility suitable  for  use  at  sea. 

Gimhal  stand. — Heretofore  the  gimbal  stand  used  has  been  of  the  type  manufactured  by 
Dover,  of  England.  It  consists  of  a  suitable  deck-support  with  a  U-shaped  arm  at  the 
top  carrymg  a  heavy  supporting  ring.  Two  brass  knife-edges,  mounted  diametrically 
opposite  in  this  ring,  support  a  second  ring,  which  in  turn  carries  (at  the  ends  of  the  diameter 
at  right  angles  to  and  m  the  same  horizontal  plane  as  that  used  in  the  first  ring)  two  brass 

*C/.  Bauer,  L.  A.    Some  of  the  Problems  of  Ocean  Magnetic  Work.    Terr.  Mag.*  vol.  14,  pp.  104-166,  1909. 

'Fteparations  are  under  way  for  an  experimental  investigation  of  this  problem  at  Washington  by  means  of  observations 
on  a  platform  which  may  be  given  various  motions  oorrespondix^  to  those  of  a  ship  at  sea. 

*Cf.  Fleming,  J.  A.  Comparisons  of  Magnetic-Observatory  Standards  by  the  Carnegie  Institution  of  Washington.  Terr. 
Mao.,  vol.  16,  pp.  61-84  and  137-162.  1911. 

*Cf.  Dorsey,  N.  E.    The  Theory  of  the  E^arth  Inductor  as  an  Inclinometer.     Terr.  Mag-,  vol.  18,  pp.  1-38,  1913. 

»C/.  J.  A.  Fleming's  article  in  Terr.  Mag.,  vol.  18,  pp.  39-46,  1913. 
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duced,  this  was  not  done.  Care  was  used,  however,  toset  the  brushes  veiy  closely  to  dimina 
the  necessity,  for  practical  purposes,  of  this  adjustment.    The  vertical  drde  is  10.2  cm. 
in  diameter,  with  a  least  graduation  of  30  minutes  of  arc,  and  may  be  read  directly,  by  two 
fixed  verniers,  to  1  minute  and,  by  estimation,  to  one-quarter  of  a  minute.    Suitable 
means  for  clamping  vertical  circle  and  for  slow  motion  are  inrovided. 

The  bearings  of  the  rotation  axis  of  the  coil  are  of  brass,  being  V-shaped  in  loni^tudinal 
section  and  running  in  agate  cups  burnished  in  the  brass  centering  supports  in  the  support- 
ing ring.  The  coil  is  held  in  place  by  two  U-shaped  pieces  of  brass  which  carry  the  bearing 
ends  of  the  rotation  axis.  At  one  end  of  the  rotation  axis  is  mounted  the  commutator  and 
at  the  other  end  is  a  miter  gear  for  use  in  the  rotation  of  the  coil.  The  spool  of  the  coil 
is  made  of  hard  rubber^  of  24  mm.  outside  thickness  and  of  74  mm.  outdde  diameter.  The 
inside  diameter  of  the  winding  of  the  coil  is  26  mm.,  the  outside  diameter,  73  mm.,  and  the 
width  of  winding,  17.5  mm.  There  are  65  layers  (3,162  turns)  of  double-silk-woimd 
magnet  wire  No.  30  B.  &  S.  gage,  with  a  double  thickness  of  paper  at  every  fifth  layer. 
For  protection  against  moisture  conditions  encountered  on  board  diip  and  against  possible 
abrasion  and  short-circuiting  of  the  turns,  the  out^  surface  of  the  coil  and  its  connections 
are  heavily  coated  with  paraffin.    The  resistance  of  the  coil  is  about  175  ohms. 

The  instrument  has  been  very  carefully  balanced  by  the  use  of  counterweights  attached 
(as  has  been  foimd  necessary )  to  the  parts  which  may  take  up  different  positions  at  different 
times  of  observation;  e.  g.,  the  coil  in  its  moimting  has  been  carefully  balanced  around  the 
axis  supporting  the  bearing  ring,  and  the  whole  has  been  balanced  about  the  center  line 
of  the  spindle  bearing.  Thus,  when  the  instrument  is  mounted,  the  gjmbal  ring  is  supposed 
to  remain  level  for  any  orientation  or  position  of  any  part  of  the  instrument. 

For  the  purpose  of  determining  the  magnetic  meridian,  a  sighting  telescope  and  a 
compass  are  provided,  suitable  mounting  wyes  being  placed  so  that  the  ^ae  of  si^t  or  the 
magnetic  axis  of  the  needle  will  be  in  the  vertical  plane  through  the  rotation  axis  of  the  coil. 
The  magnetic  meridian  may  thus  be  determined  by  sighting  upon  marks  of  known  magnetic 
bearing  or  by  actual  observation  of  the  compass.  Parallax  in  the  compass  readings  is 
avoided  with  the  aid  of  mirrors  moimted  immediately  below  the  ends  of  the  needle. 

The  gearing  for  rotating  the  coil  of  the  earth  inductor  is  self-contained,  and  is  shown 
clearly  in  Plate  14,  Figure  5.  A  hole  has  been  drilled  through  the  center  of  the  spindle  and 
a  shaft  moimted  in  it  with  a  miter  gear  at  the  upper  end  in  suitable  bearing;  this  engages 
a  second  miter  gear  mounted  on  a  shaft  set  at  about  45^  from  the  vertical  in  fixed  bearings 
on  the  standard  frame.  A  third  gear  at  the  upper  end  of  the  inclined  shaft  engages  a  similar 
miter  gear  attached  to  an  axle  rotating  in  the  center  of  the  horizontal  bearing-end  of  the 
supporting  ring.  Inside  of  the  supporting  ring  there  is  attached  to  this  axle  a  gear  of 
102  teeth  mounted  in  a  hollow  spherical  frame  which  permits  the  coil  to  turn  freely  inside 
it,  and  which  engages  a  gear  of  25  teeth  attached  to  the  rotation  axis  of  the  coil. 

The  method  of  transmission  of  the  rotary  motion  without  disturbing  the  gimbal  rings 
is  as  follows:  At  the  point  of  intersection  of  the  two  diameters  through  the  supporting 
knife-edges  of  the  two  gimbal  rings  a  very  small  universal  joint  has  been  mounted;  this  is 
made  so  as  to  be  adjustable  vertically  and  has  sufficient  lost  motion  between  its  two  parts 
to  allow  for  the  very  slight  play  between  the  two  rings  in  their  bearings.  The  motion  is 
transmitted  to  this  universal  joint  by  means  of  two  gears,  shafts,  and  a  handle  (see  Plate  14, 
Fig.  5)  carried  in  a  frame  attached  rigidly  in  a  diameter  of  the  reversible  bearing  ring  of  the 
gimbal.  By  means  of  a  slight  inclination  of  the  support  carrying  the  transmitting  shaft, 
it  is  possible  to  rotate  the  operating  crank  in  any  position  of  the  ring  without  interference 
from  the  supporting  frame.    A  cross-pin  in  the  lower  end  of  the  rod  through  the  spindle 

*Thia  material  was  used  instead  of  brass  because  of  the  greater  mechanical  ease  of  mA-intj^ining  insulation  and  «liyn'nftt*ng 
induction  effects. 
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therefore,  necessary  to  observe  deflections  for  particular  settingB  of  the  rotatioii  aads  of 
the  coil  on  either  side  of  the  line  of  magnetic  inclination,  taking  care  that  a  eonatant  speed 
of  rotation  is  maintained.  With  the  aid  of  chronometer  beats,^  ezpetimeot  has  riiown  that 
there  is  comparatively  little  trouble  in  holding  the  speed  sufliciently  constant  for  practical 
purposes,  account  being  taken  of  the  desired  accuracy  of  deflection  determination  for  the 
comparatively  small  diq>lacement8  from  the  line  of  actual  magnetic  inclination.  By 
observing  the  mean  deflections  of  the  galvanometer  for  ri^t-4iand  and  kf t4iand  rotatikm 
of  the  coil,  respectively,  when  the  rotation  axis  is  in  the  magnetic  meridian,  it  is  posable 
to  determine  at  once  the  position  of  balance,  or  the  verticalreirde  reading  of  the  true  line 
of  inclination,  by  linear  interpolation  from  the  vertical-circle  settings  used.  There  being 
no  means  provided  to  determine  directly  the  reading  oi  the  vertical  eirde  when  the  rotation 
axis  is  vertical,  corresponding  observations  and  interpdations  must  be  made  with  the  verti- 
cal circle  turned  in  azimuth  180^  from  its  first  positiim.  The  graduaticm  is  c<mtinuoas 
through  360^,  so  tiiat  the  difference  between  the  two  positicms  for  balance  so  determined 
gives  twice  the  complement  of  the  angle  of  magnetic  inclination,  from  which  the  vah» 
may  be  at  once  deduced. 

Credit  is  due  Mr.  J.  A.  Widmer,  chief  instrument-maker  of  the  DqMurtment,  and  his 
assistants,  for  the  excellent  execution  of  the  mechanical  detaiL 

Installation  on  the  Cabnegib.' 


The  apparatus  was  installed  on  board  the  Carnegie  at  Papeete,  Tahiti,  in  October  1012. 
The  inductor  was  mounted  on  the  new  gimbal-stand  (PI.  14,  Fig.  5)  in  the  forward  observa- 
tory, B  (see  PI.  9,  fig.  2).  In  order  to  eliminate  any  ix)esible  magnetic  effect  arising 
from  the  large  field  magnet  of  the  galvanomet^,  it  was  necessary  to  place  the  galvanometer 
at  a  considerable  distance  from  the  mounts  for  the  magnetic  instruments.  During  Octob» 
to  November  1912  it  was  fastened  by  a  bolt  passing  throu^  its  hard-rubber  base  to  a 
substantial  shelf  against  a  wood  wall  about  30  feet  aft  of  the  deflector.  In  December  1912 
a  small  structure  to  house  the  galvanometer  was  built  on  the  quarter  deck  just  aft  of  the 
en^ne-room  skylight.  The  galvanometer  was  then  mounted  on  a  shelf,  about  49  feet 
distant  from  the  deflector.  Commimication  between  the  observers  at  the  earth  inductor 
and  the  galvanometer  is  established  by  means  of  a  simple  signaling  device. 

The  chief  difficulty  at  sea  has  been  the  maintenance  of  the  adjustment  of  the  galvano- 
meter (see  p.  201).  It  is  feasible  to  adjust  the  system  readily  at  shore  stations  so  that  a 
tip  of  20^  in  any  direction,  with  a  scale  distance  of  58  cm.,  causes  a  change  of  not  more 
than  1  mm.  in  the  galvanometer  zero.  Fortimately,  after  some  practice,  it  has  been 
foimd  possible  to  make  the  adjustment  for  balance  on  board,  even  when  the  sea  is  moderately 
rough,  within  3  to  15  minutes,  depending  upon  how  badly  the  coil  is  out  of  balance  and 
upon  the  character  of  the  ship's  motion.  In  moderately  rough  seas,  the  wandering  of  the 
zero  is  reduced  to  a  range  of  5  to  10  mm.  when  the  galvanometer  is  used  with  a  100-ohm 
shimt.  The  fidlure  to  maintain  balance  at  sea  is  also  partly  due  to  the  temperature  and 
humidity  changes.  Owing  to  the  lack  of  symmetry  in  the  balancing  arrangements,  it  is 
difficult  to  throw  the  center  of  gravity  of  the  coil  into  the  line  of  suspension.  By  manipu- 
lation it  has  been  f oxmd  easier  to  place  the  center  of  gravity  in  a  plane  at  right  angles  to 
the  coil  than  in  the  plane  of  the  coil;  for  this  reason  the  galvanometer  has  be^i  moxmted 
with  the  plane  of  its  coil  fore  and  aft,  since  the  roll  of  the  ship  is  more  effective  than  the 
pitch. 

^Experiments  were  also  made  with  a  metronome,  but  that  instrument  was  unsuited  for  timing  purposes  on  board  ship. 
*From  a  report  by  C  W.  Hewlett,  T*rr.  Mao-*  vol.  18,  pp.  46-48,  1913,  with  nuxlifications. 
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At  times  the  successive  determinations  agree  exactly;  more  frequently  they  differ  by 
a  few  hmidredths  of  a  degree,  and  occasionally  by  three  or  four  tenths  of  a  degree.  The 
causes  of  the  occasional  large  variations  have  not  been  wholly  determined.  The  earth- 
inductor  observations  are  made  on  nearly  every  day  the  dip  circle  is  used,  sometimes  before 
and  after,  and  sometimes  in  the  middle  of  the  dip-circle  work,  so  that  the  earth-inductor 
values  and  those  of  the  dip  circle  apply  to  the  same  times  and  podtions.  Experiments 
have  been  made  on  board  the  Carnegie  to  determine  the  relative  accuracy  of  suooesmve 
determinations  for  inclination  with  the  earth  inductor,  by  continuing  observations  through- 
out a  long  period  of  time;  in  general  the  indications  from  such  observations  have  heeai 
satisfactory.  Thus  of  six  determinations,  all  applying  to  the  same  position  and  time  on  one 
day,  the  extreme  difference  fi^m  the  mean  in  the  case  of  one  value  was  0?25;  of  a  second 
value  it  was  0?  18,  while  the  other  values  differed  by  less  than  0?  1  from  the  mean.  Another 
day's  work  gave  eight  determinations,  none  of  which  differed  from  the  mean  by  as  much 
as  0?1.  On  both  days  the  ship  was  becalmed,  so  that  the  only  motion  was  rolling  and  the 
change  in  heading  with  the  drift  was  slow.  The  conditions,  therefore,  were  rather  favor- 
able for  earth-inductor  observations,  since  it  is  possible  to  maintain  the  orientation  of  the 
inductor  in  the  magnetic  meridian  by  shifting,  simultaneously  with  the  change  in  the  ship's 
heading,  the  rotating  ring  of  the  gimbal  stand  without  interrupting  or  affecting  the  observa- 
tions.^ It  is  hoped  that  the  mean  values  of  the  magnetic  inclination  determined  at  sea 
with  the  inductor  may  be  depended  upon  finally  to  within  an  absolute  accuracy  of  3 
minutes  of  arc. 

MOUNTING  OF  MAGNETIC  INSTRUMENTS  ON  THE  CARNEGIE. 

At  il,  the  middle  point  of  the  bridge  (see  Fig.  13  and  PI.  9,  Fig.  2),  is  mounted  in  its 
binnacle  the  marine  coUimating-compass,  the  chief  instrument  for  determining  the  magnetic 
declination. 
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Fio.  13. — Showing  Rdative  Poritionf  of  Magnetic  Instruments  on  the  Caniegie. 

In  the  forward  observatory,  at  B,  the  sea  dip-circle  was  mounted  until  S^tember 
1912  on  a  Dover  gimbal-stand,  similar  to  the  one  at  E,  which  was  used  for  the  atmospherio- 
electric  observations  from  1909-1914;  since  September  1912  the  sea  dip-circle  (or  the  marine 
earth-inductor)  is  mounted  on  the  special  reversible  gunbal-stand  (see  pp.  196-197) «  At 
B  are  made,  accordingly,  the  observations  for  determining  the  magnetic  inclinationi  J,  and 
the  total  intensity,  F,  of  the  Earth's  magnetic  field.  The  horizontal  intensity,  H,  is  ccnn* 
puted  by  means  of  the  formula  H  =Fcos  /. 

The  sea  deflector  is  mounted  in  its  binnacle  in  the  after  observatory,  at  C.  With  it 
are  determined  the  horizontal  intensity  and  the  magnetic  declination.  The  readings  of 
ship's  heading,  which  are  made  simultaneously  with  the  H-observations  at  C,  were  taken 

^The  same  conditions  would  be  unfavorable  for  use  of  the  sea  dip-drele,  since  for  that  instrument  it  is  not  praotieal  to  riiift 

the  rotating  ring  of  the  gimbal  stand  during  the  observations. 
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and  K;  (4)  Ritchie  liquid  compass  29971 ,  provided  with  a  brass  binnacie-standy  by  E.  S. 
Ritchie  and  Sons,  was  used  as  a  steering  compass  for  the  vessd;  (5)  Ritchie  liquid  comiMss 
29499,  and  (6)  Ritchie  liquid  compass  29497,  the  latter  with  its  card  imgraduated  except 
for  the  4  cardinal  points,  with  azimuth  circles  418-III  and  481-111,  all  by  E.  S.  Ritchie  and 
Sons,  were  carried  for  reserve  and  experimental  use. 

II.  For  nui(rnetic  tndtnoium  an(i  (otoZ  in(ens%  a<  sea.  (1)  Sea  dip-circle  189,^  provided 
with  dip  needles  5,  6,  9,  and  10,  intensity-needle  pairs  3  and  4,  and  7  and  8,  brass  gimbal- 
stand  2  (maker's  number  189)  for  use  on  board  ship,  and  tripod  for  use  on  shore,  all  by 
A.  W.  Dover,  with  improvements  in  design  and  construction  specified  by  the  Department 
of  Terrestrial  Magnetism;  (2)  sea  dip-circle  203,  a  reserve  instrument,  provided  with  dip 
needles  1,  2,  5,  6,  9,  and  10,  and  intensity-needle  pairs  3  and  4,  7  and  8,  and  11  and  12, 
brass  gimbal-stand  3  (maker's  number  208)  for  use  on  board  ship,  and  tripod  203  for  use 
on  land,  all  by  A.  W.  Dover,  with  improvements  in  design  and  construction  as  specified  by 
the  Department  of  Terrestrial  Magnetism.  The  designations  adopted,  respectivdy,  for 
the  two  dip  circles  are  the  numbers  of  the  dip  circles  followed  by  numbers  of  needles  used, 
intensity-needle  numbers  being  italicized,  thus:  189.9,10,75.  When  both  deflection  and 
loaded-dip  observations  were  made  the  designation  for  the  intensity  needles  is  followed 
by  a  dagger  (f),  thus,  189.9,10,7«t- 

III.  For  horizontal  intensity  at  sea.  (1)  Sea  deflector  3,  designed  and  constructed  by 
the  Department  of  Terrestrial  Magnetism,  provided  with  deflecting  magnets  45  and  2L, 
brass  binnacle-stand  by  E.  S.  Ritchie  and  Sons  for  use  on  board  ship,  and  tripod  1  for  use 
on  shore.    The  designation  adopted  for  the  deflector  and  compass  is  D3. 

IV.  For  magnetic  dedinatUm  and  horizontal  intensity  on  land.  (1)  Theodolite  magnet- 
ometer 2,  provided  with  tripod  2,  by  the  Bausch  and  Lomb  Optical  Company  according 
to  specifications  of  the  Department  of  Terrestrial  Magnetism;  (2)  theodolite  magnetometer 
4,'  provided  with  tripod  4,  by  the  Bausch  and  Lomb  Optical  Company,  and  mmilar  to 
magnetometer  2.  The  designations  adopted,  respectively,  for  the  two  magnetometers  are 
2  and  4. 

V.  For  magnetic  indinaHon  on  land.  (1)  Land  dip-circle  178,  provided  with  dip 
needles  1,  2,  5,  and  6,  intensity-needle  pair  3  and  4,  compass  attachment,  and  tripod,  all  by 
A.  W.  Dover;  (2)  land  dip-circle  201,  provided  with  dip  needles  1  and  2,  intensity-needle 
pair  3  and  4,  compass  attachment,  and  tripod  201,  all  by  A.  W.  Dover.  The  designations 
adopted,  respectively,  for  the  two  dip  circles  are  178.25  and  201.12  (the  intensity  needles 
and  the  extra  dip  needles  were  not  used).  (3)  Sea  dip-circles  189  and  203  with  their  needles 
and  compass  attachments  were  also  used  for  shore  observations. 

Atmospheric-Electric  Instruments. 

VI.  Instruments  for  observations  in  atmospheric  electricity.  (1)  Conductivity  apparatus 
2,  complete  with  accessories,  Gerdien's  design,  by  Spindler  and  Hoyer;  (2)  Harm's  standard 
condenser  1693,  by  Giinther  and  Tegetmeyer;  (3)  dispersion  apparatus  1416,  Elster  and 
Geitel's  design,  by  Giinther  and  Tegetmeyer,  provided  with  electroscope  1416,  dry-pile 
1408,  tripod  1309,  and  accessories;  (4)  electroscope  1437  by  Giinther  and  T^etmeyer;  (5) 
miscellaneous  equipment,  including  dry-pile  1449,  special  insulators,  ionization  chamber  1, 
aluminum  foil,  etc. 

Sextants,  Chronometers,  Watches,  and  Dip-of-Horizon  Measurer. 

VII.  Sextants.  (1)  Nos.  2575,  2611,  2943,  and  2944,  by  Ponthus  and  Therrode  (the 
last  two  instruments  are  specially  designed  for  use  at  night) ;  (2)  No.  3265  by  C.  Plath;  (3) 
Nos.  10756  and  10759  by  the  Eeuffel  and  Esser  Company;  (4)  unnumbered  sextant  by 

^Dip  circle  189  was  thoroughly  overhauled  and  repaired  during  June  to  July,  1909,  in  the  shop  of  the  Department  of 
Twrwtrial  Magnetisn. 

"Magnetometer  4  was  aoppUed  with  a  new  long  defleetion-bar  prior  to  ita  aangnmeot  for  Cruiie  I  of  the  Carnegie. 
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L.  Weule;  (5)  gyroscopic  collimator  and  octant  2679  by  Ponthus  and  Therrode;  (6)  pocket 
sextant  301,  from  October  28, 1909,  by  James  J.  Hicks;  (7)  unnmnbered  pocketnsextant  by 
Troui^ton  and  Simms,  loaned  by  W.  J.  Peters;  (8)  prismatic  circle  1 1717  by  Carl  Bamberg. 

VIII.  Ckranometers  and  watches.  (1)  Marine  chronometers  1809  by  T.  S.  and  J.  D. 
Negus,  loaned  by  W.  J.  Peters,  2761  by  G.  E.  Wilkins,  52917  by  E.  Dent  and  Company, 
52918  by  E.  Dent  and  Company,  53151  by  E.  Dent  and  Company,  53157  by  E.  Dent  and 
Company,  53862  by  E.  Dent  and  Company,  with  ship  and  gimbal  cases;  (2)  pocket 
dironometers  253  by  A.  Kittel  and  256  by  A.  Kittel,  for  shore  work ;  (3)  watches  2  by  the 
Hamilton  Watch  Company,  90  by  the  Waltham  Watch  Company,  and  91  (sidereal)  by 
the  Waltham  Watch  Company;  unnmnbered  stop-watch. 

IX.  Dip-of-hortMon  measurer.    Dip-of-horisson  measurer  4048,  model  A,  by  Carl 


Meteorological  Instrubients  and  Miscellaneous  Equipment. 

X.  Meteorological  instruments.  (1)  Aneroid  barometers  4  and  7  by  Ponthus  and 
Therrode;  (2)  unnumbered  aneroid  barometer  by  L.  Weule;  (3)  barograph  5142  by  Richard 
FMres;  (4)  marine  mercury-barometer  3948,  English  scale,  provided  with  attached  ther- 
mometer 3017,  by  H.  J.  Green;  (5)  boiling-point  apparatuses  3  and  4  by  the  Department 
of  Terrestrial  Magnetism ;  (6)  Marvin  sling  psychrometers  202,  204,  and  205,  by  Schneider 
Brothers;  (7)  thermographs  ^18  and  46032,  by  Richard  Frdres;  (8)  six-inch  thermometers 
Bureau  of  Standards  numbers  4140,  4146,  4149,  4150,  4151,  4154,  4157,  4159,  4160,  4161, 
centigrade  scale,  all  by  H.  J.  Green;  (9)  thermometers  for  hypsometric  work  at  sea, 
Bureau  of  Standards  numbers  3549  and  3551,  by  H.  J.  Green;  (10)  thermometers  for 
hypsometric  work  on  land.  Bureau  of  Standards  numbers  3553  and  3554,  by  H.  J.  Green ; 
(11)  maximum  thermometer.  Bureau  of  Standards  number  1252,  and  minimum  thermom- 
eter.  Bureau  of  Standards  number  1253,  by  H.  J.  Green;  (12)  exposed  thermometer, 
Bureau  of  Standards  number  1251,  Fahrenheit  scale,  by  H.  J.  Green;  (13)  reserve  maximum 
thermometer  8094  and  minimum  thermometer  8070,  both  Fahrenheit  scale,  by  H.  J.  Green ; 
(14)  reserve  thermometer  4903,  Fahrenheit  scale,  by  H.  J.  Green. 

XI.  Miscellaneous  equipment.  (1)  Artificial  horizon  2,  designed  and  constructed  by 
the  Department  of  Terrestrial  Magnetism;  (2)  leather  chronometer  carrying-cases;  (3) 
balances;  (4)  six  Edison  primary  batteries  with  coil  for  reversing  magnetization  of  sea  dip- 
eirde  needles;  (5)  marine  clocks;  (6)  two  3-inch  liquid  boat-compasses  and  brass  binnacles; 
(7)  dating  and  niunbering  machines;  (8)  drawing  tools;  (9)  plate  and  film  cameras; 
(10)  leads  for  sounding;  (11)  marine  glasses;  (12)  taffrail  logs;  (13)  universal  levels;  (14) 
inclinometers;  (15)  instrument  trunk-cases;  (16)  miscellaneous  office  equipment;  (17) 
microscope  2  and  accessories,  by  the  Spencer  Lens  Company  (maker's  number  10477); 
(18)  medical  and  surgical  supplies  and  instruments;  (19)  developing  tank  for  photographic 
work;  (20)  three-arm  protractor  10031,  by  the  Keuffel  and  Esser  Company;  (21)  reading 
leasees;  (22)  Tanner  non-magnetic  100-fathom  sounding  machine  1,  by  D.  Ballauf  (maker's 
number  245);  (23)  tapes;  (24)  non-magnetic  observing  pyramid  tents,  regulation  land 
type,  for  shore  work;  (25)  special  non-magnetic  wall  tents  9  feet  by  9  feet,  for  shore  work; 
(26)  tools;  (27)  typewriter;  (28)  small  instrumental  accessories;  (29)  water  filter. 
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CRUISE  II.  JUNE  1910  TO  DECEMBER  1913. 

Magnetic  Instrumsntb. 

XII.  For  magnetic  dedinaiion  at  sea.  (1)  Marine  coUhnating-compass  1,  same  as  for 
Cruise  I,  supplemented  by  theodolite  5  from  March  1911,  for  determination  of  constants  on 
shore  ;^  (2)  deflector  3,  same  as  for  Cruise  I,  supplemented  by  a  special  sighting  device,  in 
use  through  March  191 1,  when  it  was  replaced  by  deflector  4,  but  was  kept  on  board  subse- 
quently for  reserve  and  experimental  use;  (3)  deflector  4,  designed  and  constructed  by  the 
Department  of  Terrestrial  Magnetism,  from  April  1911,  the  same  binnacle  and  tripod  being 
used  as  for  deflector  3 ;  (4)  Kelvin  dry  compass-bowl,  same  as  for  Cruise  I.  The  deognar 
tions  adopted,  respectively,  for  the  4  compasses  with  appurtenances  are  CI,  D3,  D4,  and 
K.  (5)  Ritchie  liquid  compass  29971,  provided  with  a  brass  binnacle-stand,  by  E.  S. 
Ritchie  and  Sons,  was  used  as  a  stemng  compass  for  the  vessel;  (6)  Ritchie  liquid  compass 
29499,  and  (7)  Ritchie  liquid  compass  29497,  with  aamuth  circles  same  as  for  Cmiae  I, 
were  carried  for  reserve  and  experimental  use;  (8)  Ritchie  liquid  compass  39670,  provided 
with  brass  binnacle-stand,  by  E.  S.  Ritchie  and  Sons,  mounted  in  the  chart-house  from 
September  1912. 

XIII.  For  magnetic  indinatUm  and  total  intensity  at  sea.  (1)  Sea  dip-circle  189,  same 
as  for  Cruise  If  (2)  sea  dip-circle  203,  same  as  for  Cruise  I,'  until  November  15, 1911,  when 
the  dip  circle  with  its  needles  was  returned  to  Dover  for  overhauling;  (3)  sea  dip-circle  204, 
provided  with  dip  needles  1, 2,  9,  and  10,  and  intenaty-needle  pairs  7  and  8,  and  11  and  12, 
all  by  A.  W.  Dover,  with  improvements  in  design  and  construction  specified  by  the  Depart- 
ment of  Terrestrial  Magnetism,  was  carried  as  a  reserve  instrument  from  October  1911; 
(4)  marine  earth-inductor  3,  provided  with  reversible  gunbal-stand,  all  designed  and  ocm- 
structed  by  the  Departmeiit  of  Terrestrial  Magnetism,  from  September  1912,  supple- 
mented by  moving-coil  marine  galvanometer  19498  (tube  19499),  by  the  Leeds  and  North- 
rup  Company,  which  was  replaced  in  February  1913  by  moving-coil  marine  gBhranometer 
20696  (tube  20697),  by  the  Leeds  and  Northrup  Company,  metronome  309,^  tdesoope  and 
scale,  and  accessories.  The  designations  adopted,  respectively,  for  the  four  instruments 
with  their  appurtenances  are  189.9,10,7^,  203.1234i  204.1275,  and  EI3.  For  the  dqp  drdes 
the  intensity-needle  numbers  are  italicized ;  for  cases  where  both  deflection  and  loaded-dip 
observations  were  made  the  designation  for  the  intensity  needles  is  followed  by  a  dagger 
(t),  thus,  189.9,10,7^. 

X^V^  For  horizontal  intensity  at  sea.  (1)  Sea  deflector  3,  same  as  for  Cruise  I;  (2)  sea 
deflector  4,  provided  with  special  brass  binnacle-stand  for  use  on  board  ship  and  tripod  for 
use  on  shore,  all  designed  and  constructed  by  the  Department  of  Terrestrial  Magnetism, 
from  April  1911,  with  deflecting  magnets  45  and  2L  of  deflector  3,  and  new  magnet  3  from 
December  1912,  and  supplemented  from  September  1912  by  Ritchie  liquid  compass  39670. 
The  designations  adopted,  respectively,  for  the  deflectors  are  D3  and  D4. 

XV.  For  magnetic  declination  and  horizontal  intenzity  on  land.  (1)  Theodolite  magnet- 
ometer 2,  same  as  for  Cruise  I;  (2)  theodolite  magnetomet^  4,  same  as  for  Cruise  I; 
(3)  universal  magnetometer  14,  provided  with  all  appurtenances  and  tripod  14,  designed 
and  constructed  by  the  Department  of  Terrestrial  Magnetism,  from  April  to  Sqptembo* 
1913;  (4)  \miversal  magnetometer  19,  provided  with  tripod  19,  designed  and  constructed 
by  the  Department  of  Terrestrial  Magnetism,  from  September  1912  to  May  1913;  (5) 
theodolite  magnetometer  8,  provided  with  tripod  8,  by  the  Bausch  and  Lomb  Optical 


^Betw^en  Ouiaes  I  and  II  tripod  2  wms  modified  by  Um  Additkm  of  an  arm  rotatinc  about  tlie  taaVBt  ipindle,  oo  wlttcli 
to  mount  the  theodolite  for  the  detennination  of  oonstanta  on  ihore. 

*The  brass  gimbal-stand  2  was  replaeed  in  September  1912  by  the  special  rerersible  gim^al-ttand  pforided  for  BMoine 
earth-inductor  3. 

The  axle  of  needle  7  was  broken  on  May  14.  191 1 :  needle  1  was  returned  to  the  Offiee  in  Jamiary  1911. 

n^he  metronome,  oricinally  intended  as  a  timing  derice  for  maintaining  eonstant  speed  of  the  rotation  apparatus,  was 
found  unsuitable  for  use  on  board  ship,  and  was  replaced  by  a  half-iwcond  chronometer. 
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Company  according  to  specifications  of  the  Department  of  Terrestrial  Magnetism,  was 
used  at  Cape  Town  during  March  191 L  The  designations  adopted,  respectively,  for  the 
five  magnetometers  are  2,  4, 14, 10,  and  8. 

XVI.  For  magnetic  tncltnofum  on  land.  (1)  Land  dip-circle  201,  provided  with  dip 
needles  1,  2,  5,  and  6,  intensity-needle  pws  3  and  4,  and  7  and  8,  compass  attachment,  and 
tripod  201,  all  by  A.  W.  Dover;  (2)  earth  inductor  2,  provided  with  tripod  2,  galvanometer 
206,  tripod  206,  and  appurtenances,  all  by  Otto  Toepfer  and  Son,  from  S^tember  1910; 
(3)  universal  magnetometer  14,  provided  with  tripod  14,  Dover  dip  needles  1,  2,  5,  and  6, 
and  intensity-needle  pairs  3  and  4,  and  7  and  8,  designed  and  constructed  by  the  Depart- 
ment of  Terrestrial  Magnetism,  from  April  to  September  1913;  (4)  universal  magnetometer 
19y  provided  with  tripod  19  and  Dover  dip  needles  1,  2,  5,  and  6,  designed  and  constructed 
by  the  Department  of  Terrestrial  Magnetism,  from  September  1912  to  May  1913;  (5) 
marine  earth-inductor  3  was  also  used  for  shore  observations;  (6)  land  dip-circle  172,  pro- 
vided with  dip  needles  1,  2,  5,  and  6,  intensity-needle  pair  3  and  4,  and  tripod  172,  all  by 
A*  W.  Dover,  was  used  at  Cape  Town  during  April  1911.  The  designations  adopted, 
req)CNCtively,  for  the  six  instruments  are  201.125,  EI2, 14.1256,  19.1256,  EI3,  and  172.1256 
(tli^  intensity  needles  and  the  extra  dip  needles  were  not  used). 

AxifosPHEmc-ELECTRic  Instruments. 

XVII.  Instrument  for  dbeervations  in  atmospheric  electricity.  (1)  Batteries  of  cad- 
mium oeUs,  KrOger's  design,  by  Spindler  and  Hoyer,  as  follows:  2  throughout  cruise,  2 
from  July  1910,  and  2  from  February  1912;  (2)  Harm's  standard  condenser  1693,  by 
GOnther  and  Tegetmeyer;  (3)  conductivity  apparatus  2,  complete  with  accessories,  Ger- 
dien's  design,  by  Spindler  and  Hoyer;  (4)  dispersion  apparatus,  Elster  and  Geitel's  design, 
by  Gfknther  and  Tegetmeyer;  (5)  Zamboni  dry-piles  1449  throughout  cruise,  3206  and  3230 
from  February  1912,  and  3376  from  September  1912;  (6)  aluminum-leaf  electroscope,  by 
^[nndler  and  Hoyer;  (7)  electroscope  2,  provided  with  appurtenances,  Wiechert's  design, 
by  Spindler  and  Hoyer,  from  February  1912;  (8)  bifilar  electroscope  3537,  provided  with 
a|q[nirtenances,  Wulf's  design,  by  Gilnther  and  Tegetmeyer,  from  December  1912;  (9)  2 
ionium  collectors  by  GOnther  and  Tegetmeyer,  from  February  1912;  (10)  4  radium 
oollectors,  by  F.  H.  Glew,  2  throughout  the  cruise,  and  2  from  June  1911 ;  (11)  sea-and-rain- 
water  radioactivity-apparatus,  by  the  Department  of  Terrestrial  Magnetism,  provided 
with  lamp,  electroscope  1437,  and  appurtenances;  (12)  voltmeter,  from  October  1913; 
(13)  ammeter,  from  October  1913;  (14)  non-magnetic  brass  Gauss  stand,  constructed  by 
the  Department  of  Terrestrial  Magnetism;  (15)  small  non-magnetic  gimbal-stand,  from 
September  1912;  (16)  miscellaneous  equipment,  including  non-magnetic  brass-clamps, 
qiedal  insulators,  flame  collectors  and  supports,  non-magnetic  brass  laboratory-supports 
and  stands,  ionization  chamber  1,  aluminum  foil,  small  tools,  Dewar  flask,  etc. 

Sextants,  Chronobieters,  Watches,  and  Dip-of-Horizon  Measurer. 

XVIII.  Sextants.  (1)  Nos.  2575,  2611,  2617  (from  September  1912),  2943,  2944,  by 
Pcmthus  and  Therrode  (the  last  two  instruments  are  specially  designed  for  use  at  nig^t) ; 
(2)  No.  3265  by  C.  Plath;  (3)  Nos.  10756, 10759,  and  22876  (from  September  1912),  aU  by 
Keuffel  and  Esser  Company;  (4)  unnumbered  sextant  by  L.  Weule;  (5)  gyroscopic  coUi- 
mator  and  octant  2679  by  Ponthus  and  Therrode;  (6)  pocket  sextant  301^  by  James  J. 
Hicks;  (7)  extra  small  sextants  3380  and  3393  by  Carey,  Porter  Ltd.,  from  September  30, 
1913;  (8)  unmunbered  pocket-sextant  by  Troughton  and  Sinmis,  loaned  by  W.  J.  Peters;  (9) 
prismatic  circle  11717  by  Carl  Bamberg. 

'Scstant  301  was  ovorhaulad  and  repaired  in  the  instnimeni  ihop  of  tbe  Department  of  Terreatrial  Magnetian  in  April 
1910;  at  tliat  time  •e^'eral  small  parte  found  to  be  slightly  magnetic  were  replaced  by  non-magnetic  parts. 
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XIX.  Chronometera  and  watches.  (1)  Marine  chronametere  254  by  A.  Kittel  (from 
September  1912),  268  by  A.  Kittel  (from  September  1912),  1809  by  T.  S.  and  J.  D.  N^^, 
loaned  by  W.  J.  Peters,  2761  by  G.  E.  Wilkins,  52917  by  E.  Dent  and  Company,  63151  by 
E.  Dent  and  Company,  53157  by  E.  Dent  and  Company,  53862  by  E.  Dent  and  Company, 
with  ship  and  gimbal  cases;  (2)  pocket  chronometers  256  by  A.  Kittel  from  March  1911, 
258  by  A.  Kittel  until  December  1910,  260  by  A.  Kittel  \mtil  September  11, 1911, 13733  by 
Paul  D.  Nardin,  for  shore  work;  (3)  watches  51  by  the  Hamilton  Watch  Company,  90  by 
the  Waltham  Watch  Company  until  October  1912,  91  (sidereal)  by  the  Waltham  Watch 
Company,  92  (sidereal)  by  the  Waltham  Watch  Company  from  February  1913, 101  by  the 
Elgin  National  Watch  Company  from  September  1912,  813  by  the  Howard  Watch  Works 
from  September  1912;  unnumbered  stop-watch. 

XX.  Dip^f 'horizon  measurer.    Dip-of-hori2on  measurer  4048,  model  A,  by  Carl  Zeiss. 

Meteorological  Instruments  and  Miscellaneous  Equipment. 

XXI.  Meteorologicalinstruments.  Same  as  for  Cruise  I  with  the  addition  of  the  f (blow- 
ing: (1)  Marine  mercury-barometer  4177,  English  scale,  provided  with  attached  thermom- 
eter 11441,  and  gimbal  attachment,  by  H.  J.  Green,  from  March  1911;  (2)  boiling-point 
apparatuses,  6  from  October  1911,  and  8  and  9  from  February  1912,  all  by  the  Department 
of  Terrestrial  Magnetism;  (3)  Marvin  sling  psychrometers^  534,  537  (broken  September 
1910),  550  from  October  1911,  556  from  October  1911,  560  from  October  1911,  and  4 
thermometers,  centigrade  scale,  1,  2,  9,  and  15,  all  by  Schneider  Brothers,  to  replace 
broken  psychrometer-thermometers,  from  June  1912;  (4)  thermograph  46034,  by  Richard 
Fr^res,  to  Jime  1912,  and  after  repairs  from  September  1912;  (5)  six-inch  thermometer,* 
Bureau  of  Standards  number  6722,  by  H.  J.  Green,  from  May  1913;  (6)  boiling-point 
thermometers  for  work  at  sea,'  Bureau  of  Standards  nmnbers  6192  from  February  1911, 
6329  from  February  1912,  6330  from  June  1912,  6331  from  March  1911,  6332  from  March 
1911,  7827  from  June  1912,  7828  from  June  1912,  8116  from  September  1912,  8117  from 
September  1912, 8118  from  September  1912, 8119  from  September  1912, 8728  from  Septem- 
ber 1913,  and  8729  from  September  1913. 

XXII.  Miscellaneous  equipment.  Same  as  for  Cruise  I,  with  the  addition  of  the  fol- 
lowing: (1)  Electric  flashlights;  (2)  experimental  prism-holders  1  and  2  and  prisms,  by  the 
Department  of  Terrestrial  Magnetism. 

CRUISE  III.  JUNE  TO  OCTOBER  1914. 

Magnetic  Instruments. 

XXIII.  For  magnetic  declination  at  sea.  (1)  Marine  collimating-compass  1,^  same  as 
for  Cruise  II;  (2)  deflector  4,*  same  as  for  Cruise  II.  The  designations  adopted,  respec- 
tively, for  the  2  compasses  with  appurtenances  are  CI  and  D4.  (3)  Ritchie  liquid  com- 
pass 29971,  same  as  for  Cruise  II;  (4)  Ritchie  liquid  compass  29499,  and  (5)  Ritdiie  liquid 
compass  29497,  same  as  for  Cruise  II;  (6)  Ritchie  liquid  compass  39670,  same  as  for 
Cruise  II;  (7)  Kelvin  azimuth  instrument  3619  for  experimental  use. 

XXIV.  For  magnetic  inclination  and  total  intensity  at  sea.  (1)  Sea  dip-circle  189,* 
same  as  for  Cruise  II,  with  dip  needles  5, 6,  and  9,  and  intensity-needle  pairs  3  and  4,  and 

'Psychrometer  205  was  broken  in  December  1010. 

*Thermometer  4167  was  on  board  until  May  1913  only. 

'The  following  thermometers  were  broken  during  the  cruise:  3549.  3551.  6192.  6329.  6331,  7827,  8116,  8117,  and  8118. 

Kk>llimating  compass  1  was  overhauled  and  repaired,  and  improvements  were  made  to  the  oompaas  housing  and  binnacle 
stand  during  April  to  May.  1914.  in  the  instrument  shop  of  the  Department  of  Terrestrial  Macnetiam. 

'Deflector  4  was  overhauled  and  repaired,  and  minor  improvements  were  made  during  April  to  May  1914,  in  the  instru- 
ment shop  of  the  Department  of  Terrestrial  Magnetism. 

*Sea  dip-circle  189  was  overhauled  and  repaired  and  reading  microscopes  with  larger  fields  wer«  added  during  April  to 
May  1914.  in  the  instrument  shop  of  the  Department  of  Terrestrial  Magnetism. 


Instrumental  Outfit  for  the  Carnegie  Work  209 

7  and  8;  (2)  sea  dip-cirole  204,  same  as  for  Cruise  II;  (3)  marine  earth-inductor  3/  same 
as  for  Cruise  II,  witii  the  addition  of  moving-ooil  marine  galvanometer  20698.  The  desig- 
nations adopted,  respectively,  for  the  3  instruments  with  their  appurtenances  are  189.5697^ 
904.1275,  and  EI3.  For  the  dip  circles  the  intensity-needle  numbers  are  italicized;  for 
easeo  ^en  both  deflection  and  loaded-dip  observations  were  made  the  designation  for  the 
intensity  needles  is  followed  by  a  dagger  (f),  thus,  189.567^. 

XXV.  For  hcriMontal  intermty  at  sea.  (1)  Sea  deflector  4,  same  as  for  Cruise  II.  The 
designation  adopted  for  the  deflector  and  compass  is  D4. 

XXVI.  For  magnetic  dedinatum  and  horizontal  intensity  on  land.  (1)  Theodolite 
magnetometer  5,  provided  with  tripod  5,  by  the  Bausch  and  Lomb  Optic^  Company 
aooording  to  specifications  of  the  Department  of  Terrestrial  Magnetism ;  (2)  magnetometer- 
inductor  25,  provided  with  galvanometer  and  tripods,  designed  and  constructed  by  the 
DqMurtment  of  Terrestrial  Magnetism.  The  designations  adopted,  respectively,  for  the  two 
magnetometers  are  5  and  25. 

XXVII.  Far  magnetic  indinatian  on  land.  (1)  Magnetometer-inductor  25,  provided 
with  galvanometer,  and  tripod  25,  designed  and  constructed  by  the  Department  of  Terres- 
trial Magnetism.  The  designation  adopted  for  the  instrument  is  25.  (2)  Marine  earth- 
inductor  3  was  also  used  for  shore  observations. 

ATMOePHSBIC-ELBCTRIC  InSTRUMBNTB. 

XXVm.  Instruments  for  observations  in  atmospheric  electricity.  (1)  Conductivity 
apparatus  2,  same  as  for  Cruise  II;  (2)  Gerdien  condenser  by  Spindler  and  Hoyer;  (3) 
dectroscope  2,  same  as  for  Cruise  II ;  (4)  electroscope  3995,  provided  with  appurtenances, 
Wulfs  design,  by  GOnther  and  Tegetmeyer;  (5)  ion  counter,  provided  with  Zamboni  dry- 
pile  and  accessories,  after  Ebert's  design;  (6)  potential-gradient  apparatus;  (7)  Braun  dec- 
troecope  1437,  same  as  for  Cruise  II ;  (8)  three  radium  collectors  and  two  ionium  collectors, 
same  as  for  Cruise  II;  (9)  Zamboni  dry-piles  1449, 3206, 3230,  and  3376;  (10)  volt-ammeter; 
(11)  potentiometer;  (12)  non-magnetic  brass  Gauss  stand,  same  as  for  Cruise  II;  (13) 
small  non-magnetic  gimbal-stand,  same  as  for  Cruise  II;  (14)  Weston  voltmeter  11763; 
(15)  two  batteries  of  cadmiiun  cells,  Ejilger's  design,  by  Spindler  and  Hoyer;  (16)  mis- 
edLEUieous  equipment  same  as  for  Cruise  II,  with  small  additions,  including  a  Simpson 
charging  rod. 

Sextants,  Chronomstebs,  Watches,  and  Dip-of-Horizon  Measxtrbr. 

XXIX.  Sextants.    Same  as  for  Cruise  II. 

XXX.  Chronometers  and  watches.  (1)  Marine  chronometers  254  by  A.  Kittel,  264  by 
A.  Kittel,  360  by  Finer,  1044  by  RoskeU,  2761  by  G.  E.  Wilkins,  52917  by  E.  Dent  and 
Company,  53151  by  E.  Dent  and  Company,  53157  by  E.  Dent  and  Company,  53862  by 
E.  Dent  and  Company,  with  ship  and  gimbal  cases;  (2)  watches  51  by  the  Hamilton  Watch 
Company,  101,  114,  115,  and  117  by  the  Elgin  National  Watoh  Company,  813  by  the 
Hoi^ffd  Watch  Works;  unniunbered  stop-watch. 

XXXI.  Dip^f 'horizon  measurer.    Dip-of-horizon  measurer  4048,  same  as  for  Cruise  II. 

Meteorological  Instruments  and  Miscellaneotts  Equipment. 

XXXII.  Meteorological  instruments.  Same  as  for  Cruise  II,  except  thermometers 
1252  and  1253,  with  the  addition  of  the  following:  (1)  six-inch  thermometers.  Bureau  of 
Standards  numbers  9517,  9520,  9521,  9530,  9531,  and  9532,  by  H.  J.  Green. 

XXXIII.  Miscellaneous  equipment.    Same  as  for  Cruise  II. 

*M«riiM  earth-induetor  3  wm  thoroughly  overhauled  tnd  repaired  durint  Ajml  1014  in  the  inatmmeot  riiop  of  Uie 
DepertBMiit  of  Tcrreetrial  Macnetim. 
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CRUISE  IV.  MARCH  1915  TO  SEPTEMBER  I9l6u 
Magnetic  Instbumkntb. 


Far  magnetic  decUnaiian  at  sea.  (1)  Marine  ooUhnating-eonapaflB  1,  same  as 
for  Cruise  III;  (2)  sea  deflector  V  ssime  as  for  Cruise  III.  The  deaignatkms  ndapbed, 
respectively,  for  the  two  compasses  with  appurtenances  are  CI  and  D4.  (3)  Sea  deflector  5, 
provided  with  deflecting  magnet  5,  designed  and  constructed  by  the  Department  of  Tenes- 
trial  Magnetism,  from  April  1916,  for  reserve  and  experiinfffntal  use;  (4)  Ritdiie  liquid 
compass  29971,  same  as  for  Cruise  III;  (5)  Ritchie  liquid  cohqmsb  29499,  and  (6)  Ritchie 
liqukl  compass  29497,  same  as  for  Cruise  III;  (7)  Ritchie  liquid  conqiaas  39670,  same  as 
for  Cruise  III;  (8)  sea  deflector  3  was  cm  board  from  June  1915  for  posslUe  emergency  use. 

XXXV.  Far  magnetic  indinatian  and  total  inUneity  at  sea.  (1)  Sea  dq>-€ircle  189, 
same  as  for  Cruise  III,  with  dip  needles  1,  2,  5,  and  6,  and  intoisity-needle  pairs  3  and  4, 
and  11  and  12;  (2)  sea  dip-circte  204,  provided  with  dip  needles  2, 9, 10,  and  11,  and  inten- 
sity-needle pairs  3  and  4,  and  7  and  %f  (3)  marine  earUi-inductor  3,  same  as  for  Cruise  III 
with  the  addition,  for  use  at  shore  stations,  of  galvanometer  28A  and  tripod,  designed  and 
constructed  by  the  Department  kA  Terrestrial  Magnetism,  The  designations  adi^ted, 
req>ectivdy,  for  the  three  instruments  and  th^  appurtenances  are  189.125654y  204.29S49  and 
EII3.  For  the  dip  circles  the  intenaty-needle  numbers  are  italicised;  for  cases  where  both 
deflection  and  loaded-dq>  obeervaticms  were  made,  the  designatiop  for  the  intensity  needles 
is  folkmedby  a  daggor  (t),  thus,  189.12,ii,/ft. 

XXXVI.  Far  haruantal  inteneity  at  sea.  (1)  Sea  deflector  4,  same  as  for  Cruise  III. 
The  designatiQn  adapted  for  the  deflector  is  D4.  (2)  Sea  deflector  5  with  deflecting  mag- 
net 5  was  on  board  from  April  1916,  as  a  resove  instrument;  (3)  sea  deflectcM-  3  was  on 
board  bom  June  1915  for  possiUe  emerg»icy  use. 

XXXVn.  Far  maffneUe  deeiinatian  and  honmnUai  uUentiiii  on  land.  (1)  Theoddite 
magnetometer  5,  same  as  fw  Cruise  in;  (2)  magnetometer-inductor  25,' same  as  for  Cruise 
ni.  The  designaticms  adopted,  respectively,  for  the  2  magnetometers  are  5  and  25. 
(3)  Univeraal  magnetometer  21,  designed  and  constructed  by  the  Dqiartment  of  Terrestrial 
Magnetism,  was  used  at  one  shore  station  in  March  1915. 

XXXVin.  Far  magnetic  indination  an  land.  (1)  Magnetometer-induct«  25,  same 
as  for  Cruise  III ;  (2)  land  dip-circle  201,  provided  with  dip  needles  5  and  6  dt  201, 5X,  and 
6X,  and  inten^ty-needle  pair  3  and  4,  with  tripod  201,  all  by  A.  W.  Dov«r,  untfl  May  9, 
1916.  The  designations  adopted,  respectively,  for  the  two  instruments  are  EI25  and  201.56, 
5X,  6X.  (3)  Marine  earth-inductor  3  was  also  used  for  shore  observations:  (4)  universal 
magnetometer  21,  provided  with  needles  1  and  3  of  19,  and  3  and  4  <rf  20,  was  need  at  one 
shore  station  in  March  1915. 

AtMOSPHEBIC-ElECTBIC  bcSTBUMKSTS. 

XXXIX.  Instrwnents  for  obserxotions  in  atmospheric  electricity.  (1)  Conduetiinty 
apparatus  3«  designed  and  constructed  by  the  I>^)artm«t  of  Terrestrial  Magnetiaati,  pro- 
vided with  gimbal  rings  and  mounting,  and  direct-current  motor;  (2)  km  counter  1,  jiro- 
vided  with  gimbal  rings  and  mounting.,  and  appurtenances^  all  desisoed  and  constructed 
by  the  Department  of  Terrestrial  Magnetism;  (3)  penetrating-rmdiatinfi  ai^Mumtus  1, 
provided  with  gimbal  rings  and  mounting,  and  appurtenances,  all  designed  and  constructed 
by  the  Department  of  Terrestrial  Magneu^n;  ;,4>  potential-gracfient  ^^laratus  2,  conqdete 
with  appurtwances  and  mounting,  all  designed  and  constructed  by  the  DqMurtment  of 


MUMC  fiiMim  ww*  mite  dorian  JwuHtfr  ^915  oa  <itdtctor  4  ia  ihff  iiiiWiiiiifH  ihop  of  Ifaa 
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Terreetrial  Magnetism;  (5)  radioactive  content  apparatus  4,  provided  with  gimbal  rings 
and  mounting,  water-dropping  apparatus,  direct-current  motor,  ionizing  chamber,  anemom- 
eter, and  other  appurtenances,  designed  and  constructed  for  the  most  part  by  the  Depart- 
ment of  Terrestrial  Magnetism.  The  designations  adopted,  respectivdy,  for  the  5  instru- 
ments are  CAS,  ICl,  PRAl,  PGA2,  RCA4.  (6)  Accessories:  Gerdien  condenser,  until 
April  1915;  fiber  electroscopes  12,  14,  and  15,  all  constructed  by  the  Department  of 
Terrestrial  Magnetism;  Braim  electroscope  1437;  Wulf  electroscopes  3537,  3995,  and 
4357,  all  by  Gtknther  and  Tegetmeyer;  Wiechert  electroscope  2  by  Spindler  and  Hoyer; 
high-resistance  rheostats  1716  and  1751,  from  April  1916;  batteries  of  cadmium  cells  and 
Eveready  dry  cells;  Zamboni  dry-piles  1449,  until  June  1915,  and  3376,  both  by  GOnther 
and  Tegetmeyer;  voltmeters;  volt-ammeter;  potentiometer;  gimbal  stand;  non-magnetic 
Gauss  table;  radium  and  ionium  collectors;  miscellaneous  equipment,  including  non-mag- 
netic clamps,  special  insulators,  small  tools,  etc. 

Sextants,  Chronometers,  Watches,  and  Dip-of-Horizon  Measurers. 

XL.  Sextants.    Same  as  for  Cruise  III  with  the  addition  of  sextant  L809  by  John  BUss. 

XLI.  Chronometers  and  watches.  (1)  Marine  chronometers  same  as  for  Cruise  III, 
with  the  exception  of  Kittel  254  and  268;  (2)  watches  70  and  71  by  the  Hamilton  Watch 
Company,  92  (sidereal)  by  the  Waltham  Watch  Company,  106,  110,  116,  and  117,  all  by 
the  Elgin  National  Watch  Company. 

XUI.  Dip^f'horizon  measurers.  (1)  Dip-of-horizon  measurer  4048  by  Carl  Zeiss; 
(2)  micrometer  dii)-of-horizon  measurer  4031  by  Carl  Zeiss,  loaned  by  the  United  States 
Coast  and  Geodetic  Survey  until  July  1915,  designated  as  No.  1  of  that  survey;  (3)  dip- 
of-horison  measurer  5490  by  Carl  Zeiss. 

Meteorological  Instruments  and  Miscellaneous  Equipment. 

XUII.  Meteorological  instruments.  Same  as  for  Cruise  III,^  with  the  exception  of 
boiling-point  apparatuses  3, 4,  and  6,  and  thermometer  Bm-eau  of  Standards  number  4146, 
and  with  the  addition  of  tlie  following:  (1)  Boiling-point  thermometers  for  work  at  sea, 
Bureau  of  Standards  numbers  7828,  8119,  and  8731;  (2)  special  reading  telescope  and 
mounting  for  boiling-point  work  at  sea,  designed  and  constructed  by  the  Department  of 
Tenestiial  Magnetism. 

XUY.  MisceUaneous  equipment.  Same  as  for  Cruise  III,  with  the  addition  of  the 
following:  (1)  experimental  apparatus  1  for  the  determination  of  ship's  motion,  designed 
and  constructed  by  the  Department  of  Terrestrial  Magnetism;  (2)  motion-picture  camera 
and  appurtenances. 

GENERAL  PROPERTY  AND  SUPPLIES. 

Besides  the  instrumental  equipment  listed  on  pages  203-211,  the  general  property 
and  supplies  on  board  the  Carnegie,  1909-1916,  in  addition  to  what  were  necessary  for  the 
maintenance  of  the  ship,  were  about  as  follows: 

I.  Navigation  charts,  maps,  and  atlases  of  various  kinds. 

XL  Library  of  books  on  astronomy,  navigation,  magnetism  (general  and  terrestrial),  general 
physics,  atmospheric  electricity,  general  chemistry,  meteoroloi^,  geography,  geology, 
biology,  sailing  ship  (sails  and  sail-making,  etc.),  encyclopedias,  mctionaries,  and  general 
literature.  The  total  number  of  books  in  the  library  is  about  1,200.  of  which  1,000  relate 
to  scientific  and  professional  subjects.  The  library  contains  a  complete  set  of  the  publica- 
tions of  the  Carnegie  Institution  of  Washington. 

III.  Medical  books  and  miscellaneous  supplies. 

*Metrio  •calw  and  vomiars  were  added  to  Uie  merourial  barometers  SMS  and  4177  in  February  1016. 


SPECIMENS  OF  OBSERVATIONS  AND  COMPUTATIONS. 

The  following  specimens  of  observ^ations  and  oomputationSy  appljring  to  tiie 
date  August  23,  1913,  will  assist  in  making  clear  the  methods  followed  on  the 
Carnegie^  and  will  sen-e  to  illustrate  a  typical  day's  observations  at  sea.  The 
obser\nng  conditions  will  be  found  stated  on  the  forms.  The  roll  of  vessd  was 
about  4^  starboard  to  4^  port;  hence,  the  total  roll,  from  side  to  side,  was  about  8^. 

MAGNETIC  OBSERVATIONS  AND  COMPUTATIONS. 

Reference  to  the  instructions  for  the  magnetic  work  on  Cruise  II  (pp.  317-^322),  and  to 
the  detailed  description  of  methods  followed  in  the  Galilee  work  (pp.  33-57),  wiU  doubHeas 
furnish  the  information  required  on  any  matter  which  may  not  be  idiolly  undentood  from 
the  forms  themselves.  Specimens  illustrating  shore  work  will  be  found  in  Volume  I,  pages 
30-41 .     For  specimen  determinations  of  instrumental  constants,  see  pages  234r-250. 

Declination  Observations,  August  23, 1913. 

Observations  wUh  marine  coUimaJting-com'pass. — ^Form  21a,  page  213,  illustrates  the  record 
of  observations  for  magnetic  declination  made  with  the  marine  ooUhnating-^xmipaaB  (C  1). 
The  specimen  gives  the  first  4  of  20  sets  made  during  a  period  of  11  minutes  by  two  observ- 
ers, P  and  S.  The  scheme  of  observation  calls  for  5  sets  by  one  observer,  next  10  sets  by 
the  other  observer,  and  finally,  5  sets  again  by  the  first  observer.  The  mean  results  of 
the  two  observers  are  therefore  comparable,  referring  as  they  do  to  the  same  time  and  to 
the  same  geographic  position  of  ship.  There  are  10  readings  in  each  set;  hoioe,  a  coiiq)Iete 
determination  by  this  one  instrument  consists  of  200  readings.  The  times  are  noted  by 
watch  Af ,  which  requires  a  correction  of  +9''  19"53,  as  indicated  in  the  portion  headed 
"Chronometer  Comparisons."  It  should  be  noted  that  the  standard  chronometer  rate 
has  been  adjusted  for  sea  rate,  as  was  subsequently  detennined  on  anival  at  the  next  port. 
Since  this  correction  affects  the  longitude  by  precisely  the  same  amount,  the  local  apparent 
time  of  the  original  computation  remains  unaltered. 

The  scale  readings  have  been  taken  in  this  specimen  at  exact  intwals  of  3  seconds, 
called  out  to  the  obser\'er  by  the  recorder.  The  observed  ang^e  between  the  Sun  and 
scale,  Ao,  is  corrected,  if  necessary,  for  index  error  to  obtain  A  of  the  formula  (6),  page 
181.  The  altitude  of  the  Sun's  estimated  center,  Ao,  is  measured  by  a  third  observer 
between  the  fifth  and  sixth  readings  of  each  set.  An  index  correction,  0^  and  the  dip  of 
the  horizon,  —4'  (— 0?07),  are  applied  to  h^  to  obtain  h  of  the  formula. 

The  obser\'ed  quantities  or  their  means  corrected  as  above  stated  are  transferred  to 
Form  26  or  26a  for  computation.  Form  26  (p.  215)  is  used  for  low  altitudes  of  the  Sun, 
for  then  the  approximate  formula  (6),  page  181,  and  the  corresponding  tables  are  especially 
suitable.  When,  however,  the  Sun  is  so  high  that  the  interpolation  becomes  laborious 
or  the  limits  of  the  tables  are  exceeded,  then  the  alternative  form  (26a)  is  used.  Examina- 
tion of  the  latter  form,  of  which  a  specimen  is  given  on  page  214  merely  to  illustrate  the 
use  of  the  rigorous  formula  for  computing  the  angle  .4 ,  shows  that  it  is  divided  into  two 
parts.  The  upper  part  contains  the  means  of  the  observed  quantities  corrected  and 
arranged  in  4  groups  of  5  sets,  one  group  for  each  scale  obsen^ed  by  each  observer.  The 
means  of  each  group  are  then  transferred  to  the  places  indicated  in  the  lower  part  of  the 
computation.  The  scale  readings  are  reduced  to  center  by  subtracting  5  divisions  from 
each  and  converting  the  results  into  degrees  of  arc.  These  quantities  are  then  added 
algebraically  to  the  scale  constants,  +0?37  and  180?31,  and  carried  down  and  entered  at 
'•' constant  +  a  "  near  the  bottom  of  the  form.  From  the  values  of  m,  /i,  and  A  the  angle  A 
is  computed  and  applied  directly  to  the  values  of  "constant  +  a"  by  which  operation  the 
magnetic  bearing  of  the  Sun  from  south  around  by  west  is  obtained.  The  astronomic 
azimuth  is  computed  from  any  convenient  azimuth  tables  with  the  arguments,  Sun's 
declination,  latitude,  and  local  apparent  time.  The  difference  between  this  azimuth  and 
the  magnetic  azimuth  is  the  magnetic  declination. 
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Oemn  Magnetic  ObserwUuma:  DedinaHon  (Z>) 

(Form21«) 


SiaHtm:  At  wm 

DaU:  Bat.,  Aug.  23, 1913,  P.  M. 

Ccmpon:  CI 

WmUm:  bo  S^a:  8 


Lai:  39*  44'  N 
Vtud:  Cunesie 
Ofef'r;  P.  MidSr 
Wind:  8SW,  2 


Ltmg:  39*  SCK  W 
Coffi'if  r;  W.  J.  P. 
Aec'cf  r:  N.  M. 
RM:  4*  1.  to  4*  p. 


Num- 
ber 

Setl 

Set  II 

CouneNNE 

SeafeN 
Window 

CouneNNE 

ScaleN 
Window 

Remarica 

Time  by 
WatoliM 

Time  by 
Watch  M 

8 

3 

k    m     9 

d 

h    m     9 

d 

1 

8    49    51 

4.0 

8    50    21 

6.0 

MagneHe  artide9  remtmd:  Yes 

2 

54 

6.2 

24 

4.0 

Large  sextant  used 

3 

57 

3.8 

27 

6.1 

Index  correction  to  A§:  if 

4 

50    00 

5.5 

30 

4.1 

Index  correction  to  Ikt:  O' 

5 

03 

4.0 

33 

5.9 

Dipof  lioriaoo:4' 

6 

06 

5.1 

36 

4.5 

7 

09 

5.0 

39 

5.2 

8 

12 

3.7 

42 

5.0 

9 

15 

5.9 

45 

4.8 

10 

50    18 

4.2 

48 

5.2 

8    50    04 

4.74 

8    50    34      5.08 

A«-55*00';  A.- 

5*40^ 

A.-55*00';Af-5*35' 

SetlU 

Set  IV 

Num- 
ber 

CouneNNE 

ScaleN 
Window 

CouneNNE 

ScaleN 
Window 

CHBONOMSTBR  COlCPARmONS 

Before 

After 

Time  by 
Watch  M 

Time  by 
Watch  M 

3 

3 

h     m     9 

h     m     9 

h    m      9 

d 

h    m     9 

d 

Chron.  53862 

8    49    20 

9    04    35 

1 

8    50    51 

5.1 

8    51    21 

4.8 

Corr'n  on 

2 

54 

4.9 

24 

6.0 

G.  M.  T.» 

+12    00    41 

+12    00    41 

8 

57 

4.7 

27 

4.0 

O.  M.  T. 

20    50    01 

21    05    16 

4 

51    00 

5.3 

30 

6.3 

E. 

2    32 

2    32 

5 

08 

4.1 

33 

4.5 

G.  A.  T. 

20    47    29 

21    02    44 

6 

06 

5.7 

36 

5.0 

Long. 

-  2    39    20 

-  2    39    20 

7 

09 

5.0 

89 

5.6 

L.  A.  T. 

18    08    09 

18    23    24 

8 

12 

4.4 

42 

5.1 

Watch  M 

8    48    37 

9    03    52 

9 
10 

15 
51     18 

5.2 
4.6 

45 
48 

5.2 
5.4 

Watch  M  on 

T           A        f^ 

L.  A.  T. 

+  9    19    32 

+  9    19    32 

MeuM 

8    51    04 

4.90 

8    51    34 

5.19 

A,-55*00';  A«- 

5*30* 

A«-55*00';*«-5*24' 

Mean  corr'n  Watch  M  on  L.  A.  T. +9^19^53 

^Adjusted  for  sea  rate. 

On  Fonn  26  the  means  are  entered  and  the  values  of  a  and  "constant  +  a"  are  deter- 
mined in  exactly  the  same  manner  as  on  Form  26a.  The  angle  A^  however,  is  obtained 
by  applying  two  corrections  to  the  angle  A,  the  first,  designated  ''Tabular  Reduction/' 
being  taken  directly  from  Table  46,  page  182,  and  the  second,  "  Red'n  of  Scale  to  Horizon," 
is  the  product  of  the  respective  values  of  scale  altitude  and  the  factor  obtained  from  Table  47. 

Ohservatianswith  sea  deflector. — ^The  observations  of  magnetic  declination  with  the  sea 
deflector  (D4),  made  at  the  same  time  as  those  with  the  standard  compass  (CI),  are  shown 
in  the  specimen  on  Form  21a,  page  215.  In  all,  20  sets  of  readings,  similar  to  sets  I,  II,  III, 
and  IV  given  in  the  specimen,  were  taken.  Tlie  computation  is  shown  on  Form  22,  page 
216.  The  various  steps  are  made  clear  by  the  column-headings.  The  correction  — 0?08, 
applied  to  the  observed  values  of  D,  is  derived  from  Table  55,  page  236. 
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Ocean  Magnstic  Observations,  190&-16 


ComjnUaHon  of  DeclinaHan  Obtervaiiona  with  Marine  CiMmating^ompaas  CI 

(FonB96a) 


Date:  Sat.,  Aug.  23, 1913,  P.  M. 

Scale  eantlanU:  S,  +0?37;  scale  aH.,  -0?17; 
scale  vaL,  0?98;  N,  +180?dl:  scale  aH., 
+0?35;  scale  vaL,  0?99;  Z-  +0.463  c.a.8. 


Lot'  39''  44'  N 
Veeed:  Caraede. 
Obe'r:  P.  and  8. 
iSufi'f  DscTn:  +11?45 


Ltmg:  89*  50^  W 
Can/dPr:  W.  J.  P. 
Cofnp^t:  C.  C.  C. 
Rerieer:  W.  J.  P. 


Set 
No. 

Window  and  scale:  3-N    Obs'r:  S 

Set 
No. 

Window  and  scale:  1-S 

Obs'r:  P 

L.  A.  T. 

Scale 
reading 

A 

h 

L.A.T. 

Scale 
reading 

A 

h 

I 

II 

III 

IV 

V 

Means 

h        fit 
18    09.60 
10.10 
10.60 
11.10 
11.60 

d 
4.74 
5.06 
4.90 
5.19 
5.15 

o 

e 

6.60 
5.52 
5.43 
5.33 
5.23 

VI 

VII 

VIII 

IX 

X 

Means 

h        m 
18    12.76 
13.26 
13.76 
14.26 
14.76 

d 
4.92 
6.17 
6.05 
6.00 
5.66 

e 

e 

6.07 
4.96 
4.85 
4.75 
4.67 

18    10.60 

5.01 

65.00 

6.42 

18    13.76 

6.14 

126.60 

4.86 

XI 

XII 

XI  n 

XIV 

XV 

Means 

Window  and  scale:  3-N    Obs'r:  P 

XVI 

XVU 

XVIII 

XIX 

XX 

Means 

Window  and  scale:  1-S 

Obs'r:  S 

h        m 
18    15.86 
16.36 
16.86 
17.36 
17.86 

d 
5.45 
5.67 
6.75 
5.63 
6.75 

e 

e 

4.47 
4.38 
4.30 
4.22 
4.15 

h        m 
18    19.00 
19.50 
20.00 
20.60 
21.00 

d 
4.68 
4.62 
4.76 

4.74 
4.87 

e 

o 

3.92 
3.82 
3.72 
3.62 
3.63 

18    16.86 

6.63 

54.50 

4.30 

18    20.00 

4.71 

127.00 

3.72 

Set  Number 
Ship's  Heading 
Window  and  Scale 

ItoV 

NNE 
3-N 

VltoX 

NNE 
1-8 

XltoXV 

NNE 
3-N 

XVI  to  XX 

NNE 
1-S 

L.  A.  T. 

Scale  Reading 

Scale  -5.00 

Reduction  to  Center  "  a 

m  «■  Scale  Altitude 

h 

A 

9 

Log  sin  (9-^) 
Log  sin  («-m) 
Log  sec  h 
Log  seem 

Log  8in3  i  A 

A 

Constant  +  a 
Mag'c  Azimuth 
Astron.  Azimuth 
Magnetic  Declination 

h      m 
18  10.60 
d 

5.01 
+0.01 
+0?01 

h      m 
18  13.76 
d 

5.14 
+0.14 
+0?14 

h      tn 
18  16.86 
d 

5.63 
+0.63 
+0?62 

h      m 
18  20.00 
d 

4.71 
-0.29 
-0?28 

+0?35 
5.42 
55.00 
30.38 
24.96 
30.03 

-0?17 
4.86 

125.50 
65.10 
60.24 
65.27 

+0?35 
4.30 
54.50 
29.58 
25.28 
29.23 

-0?17 
3.72 

127.00 
65.28 
61.56 
65.45 

9.62530 
9.69936 
0.00195 
0.00001 

9.93858 
9.95822 
0.00156 
0.00000 

9.63047 
9.68870 
0.00122 
0.00001 

9.94415 
9.95885 
0.00092 
0.00000 

9.32662 

-54?86 

180.32 

125.47 

100.51 

-24.96 

9.89836 

+125?64 

0.51 

126.15 

101.01 

-25.14 

9.32040 

-54?43 

180.93 

126.50 

101.49 

-25.01 

9.90392 

+127?09 

0.09 

127.18 

101.98 

-25.20 

Mean  Magnetic  Declination  (j 

D):  -25?08 
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ComjnUaHan  of  Dedination  Observations  with  Marine  CoUimating^ompass  Cl 

(Fonn30) 

Dale:  Sat.,  Aug.  23,  1913,  P.  M.  Lai:  30*  44'  N  Lang:  39''  50^  W 

SeaU  eansUmU:  &  +0?37;  Male  aH.,  -0?17;        Vettd:  Carnene  Cam'd'r:  W.  J.  P. 

Male  val.,  0?98:  N,  +180?31:  Male  alt.,        ObtV:  P.  and  8.  Camj^r:  C.  C.  C. 

+0?35;  Male  vai.,  0?99;  Z-  +0.463  c.a.8.        Suh'm  Ded'n:  +11?45  Reviser:  W.  J.  P. 


Set  Number 

ItoV 

VltoX 

XI  to  XV 

XVI  to  XX 

Ship's  Heading 

nne 

NNE 

NNE 

NNE 

Observer 

H.  R.S. 

W.  J.  P. 

W.  J.  P. 

H.R.S. 

Window  and  Scale 

3-N 

1-S 

3-N 

l-« 

k        m 

h        m 

h        m 

h        m 

L.  A.  T. 

18    10.60 

18    13.76 

18    16.86 

18    20.00 

d 

d 

d 

d 

Scale  Reading 

5.01 

5.14 

5.63 

4.71 

Scale  Reading  -5.00 

+0.01 

+0.14 

+0.63 

-0.29 

Reduction  to  Center  »  a 

+oroi 

+0?14 

+0?62 

-0?28 

Altitude,  k 

Angle  to  Sun,  A 
Tabular  Reduction 

5.42 

4.86 

4.30 

3.72 

55?00 

125?50 

54!50 

127?00 

-0.18 

+0.15 

-0.12 

+0.09 

Red'n  of  Scale  to  Horison 
A 

+0.04 

-0.02 

+0.03 

-0.01 

-54?86 

+125?63 

-54?41 

+127?08 

Constant  +  a 

180.32 

0.51 

180.93 

0.09 

Mag'o  Asimuth 

125.46 

126.14 

126.52 

127.17 

Astron.  Asimuth 

100.51 

101.01 

101.49 

101.98 

Magnetic  Dedination 

-24.95 

-25.13 

-25.03 

-25.19 

Mean  Magi 

letio  Dedinat 

ioQ(D):  -25?08 

Ocean  Magnetic  Observations:  Declination  {D) 

(Form  21a) 


StaHan:  At 
Date:  Sat.,  Aug.  23,  1913,  P.  M. 
Compass:  beTr  4  (DA) 
Weather:  be  Sea:  S 


LaL'  39*  44'  N 
Vessel:  Carnegie 
Obt'ft:  C.  and  H. 
Wind:  SSW,  2 


Lang:  39*  50^  W 
Caif?<f  r;  W.  J.  P. 
Re^d'rs:  H.  and  C. 
RoU:  4*  s.  to  4*  p. 


Num- 
ber 


CoutmNNE 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

Means 


Num- 
ber 


10 


Setl 


Time  by 
ChroD.ae6 


k    m     s 
9    18    30 


9    18    49 


9    18    40 


Card 
Reading 


Course  NNE 


306.5 
5.3 
6.2 
6.6 
5.9 
5.3 
5.8 
6.0 
5.4 
5.3 


Set  II 


Time  by 
ChroQ.256 


k    tn      % 
9    18    51 


19    11 


305.83 


Set  III 


CourwNNE 


Time  by 
Chnm.256 


k     m      9 
9     19    13 


9    19    85 


Means     9    19    24 


Card 
Reading 


305.5 


5.3 


805.48 


9    19    01 


Card 
Reading 


806.1 
5.2 
5.7 
6.0 
5.5 
5.7 
5.3 
5.4 
5.9 
5.9 


305.67 


Remarks 


Magnetic 


remosed:  Yes 


CHBONOIISTER  C0MPAHI80N8 


Set  IV 


CoutmNNE 


Time  by 
Chron.  256 


k    m     9 
9    19    37 


19    57 


9    19    47 


Card 
Reading 


805.7 


6.7 


305.37 


Chron.  53862 
Corr'non 

G.  M.  T.» 
G.  M.  T. 
£ 

G.  A.  T. 
Long. 
L.  A.  T. 
Cairon.  256 

ChroiL256on 
L.A.T. 


Before 


k  m  9 

8  49  20 

+12  00  41 

20  50  01 

2  82 

20  47  29 

-  2  39  20 

18  08  09 

9  17  18 


+  8    50    51 


After 


k  tn  9 

9  02  40 

+12  00  41 

21  03  21 

2  82 

21  00  49 

-  2  39  20 

18  21  29 

9  30  88 


+  8    50    51 


Mean  ooir'n  Chron.  256  on  L.  A.  T.  +8^50r85 


'Adjusted  for  sea  rate. 
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Ocean  Magnetic  Obbbbvationb,  1905-16 


Ccmpuiaiufu 


Date:  Sat.,  Auf.  23, 1913,  P.  M. 
Veiml:  Cmicfie 
Com'd'r:  W.  J.  P. 


Obaervatiom  wUh  Sea  D^fiedor  D4 

(VomSi) 


Lot:  39*  44'  N 
Obt'n :  C.  and  H. 
8un'9  DeeFn:  +11?45 


Lfm§:9rWW 
Cvmjfr:  C.  C.  C. 
Bmimfri  W.  J.  P. 


Set  No. 

Time  by 

Chron. 

256 

Loeal 

Agaarent 

Time 

Sim  by 
Oompaas 

Sun's 
Asimuth 

Obs'd 
Ded'n 

Conr'n 
toDt 

Corr'd 

Ded'n 

D 

Remarks 

A       m 

\        m 

• 

• 

• 

• 

• 

I 

9    18.67 

125.83 

U 

19.02 

5.67 

m 

19.40 

5.48 

IV 

19.78 

5.37 

V 

20.17 

5.61 

OWr, 

XVI 

28.00 

6.88 

c  c  c 

XVII 

28.27 

7.04 

xvin 

28.58 

7.00 

XIX 

28.93 

7.14 

XX 

Means 
VI 

29.33 

7.09 

9    24.02 

18    14.87 

126.31 

101 . 18 

-25.13 

-0.08 

-25.21 

9    21.97 

125.66 

VII 

22.30 

5.73 

vm 

22.62 

5.85 

EX 

22.93 

5.72 

X 

23.27 

6.07 

Obe'r, 

XI 

24.73 

6.43 

\Zm     Vt  •    fl« 

xn 

25.03 

6.08 

xin 

25.33 

6.19 

XIV 

25.63 

6.23 

XV 

Means 

25.97 

6.27 

9    23.98 

18    14.83 

126.02 

101.17 

-24.85 

-0.08 

-24.93 

MeanM 

agnatic  Declination  (D):  -25?07 

Hobizontal-Intensitt  Observations,  August  23, 1913. 

Specimen  observations  of  horizontal  intensity  with  sea  deflector,  D4,  are  given  on 
form  246,  page  217.  By  consulting  the  ''scheme  of  observations,''  page  194,  the  various 
entries  will  be  readily  understood.  Sets  I  and  II  with  magnet  45  at  deflection  distances 
1  and  3  are  recorded  completely.  Two  similar  sets,  III  and  IV,  were  obtained  with  magnet 
2L  at  deflection  distances  1  and  3.  The  numbers  attached  to  the  readings  for  the  deflector 
and  the  compass  show  the  order  in  which  the  various  readings  were  made  in  the  respec- 
tive columns;  for  numbers  1  to  5  the  columns  were  filled  from  left  to  right,  whereas,  for 
numbers  6  to  10  the  columns  were  filled  from  right  to  left.  It  will  be  observed  that  for 
each  position  prescribed  in  the  scheme  of  observation,  5  settings  were  made,  yielding  in  all 
80  readings  each  for  deflector  and  for  compass.  The  5  deflector-readings  for  distance  Ul, 
north  end  of  magnet  E,  with  corresponding  compass-readings,  were  completed  before 
passing  to  next  position,  etc. 

When  obtaining  the  means  (1),  it  should  be  noted  that,  in  accordance  with  the  con- 
struction of  the  deflector,  the  quantity,  90^,  is  to  be  subtracted  from  readings  for  north 
end  of  magnet  east,  and  added  to  the  readings  for  north  end  of  magnet  west.  The  means 
(2)  are  the  mean  values  of  the  10  compass-readings  in  each  column.  The  differences  (3) 
result  from  subtraction  of  (2)  from  (1)  for  north  end  of  magnet  east,  and  (1)  from  (2)  for 
north  end  of  magnet  west.  Were  the  instrumental  adjustments  perfect,  the  differences  (3) 
would  be  directly  the  deflection  angles,  u,  affected  alone  by  errors  of  observation.  To 
eliminate  outstanding  defects  of  adjustment,  the  mean  of  the  4  differences,  for  each  dis- 
tance, is  the  final  value  of  u. 
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Ocean  Magmtie  ObsenfaHona:  HoriunUal  ItUemUy  {H) 

(FormH6) 


Sialioii:  At 
Don:  8at..Aii8.».  1918,  P.M. 
DtifUdar:  No.  4  (D4) 
Caurm:  NNE 


IaU:  89*  29'  N 
FmmI:  Cmegie 
Compau:  No.  89670 
Weather:  bo 


Lang:  89*  61'  W 
Cam'^r:  W.  J.  P. 
Ckran*r:  266 
RoU:  8*  8.  to  4*  p. 


D^fTr  Obt^r:  H.  R.  8. 
Camp  Obt^r:  W.  J.  P. 
Wind:  8,  2 
iSeo:  8  to  M 


Magnet;  8ct 

Mag.  46;  Set  I 

Mag.  46 

i;  Set  II 

Vernier 

DkUnoe 

Ul 

LI 

LI 

Ul 

U3 

L3 

L3 

U3 

N.  End  Magnet 

8ightLiDe 
Reading  1 

£ 

£ 

W 

W 

W 

W 

E 

E 

Defleetor  Readingi 

A 

L2tol80* 

L2toO* 

L2tol80* 

o 

322.7 

a 

327.8 

o 

81.3 

o 

81.9 

• 
90.6 

e 

87.4 

o 

316.8 

• 
314.7 

2 

823.1 

327.4 

81.8 

82.6 

91.0 

87.8 

317.6 

314.9 

A 

•        3 

323.7 

328.0 

81.4 

80.9 

90.0 

89.0 

817.2 

314.2 

A 

4 

323.9 

328.6 

80.4 

79.0 

89.6 

88.6 

316.9 

314.2 

A 

5 
Sight  Line 

Reading   6 

324.6 

328.2 

80.8 

79.0 

88.0 

88.4 

316.6 

314.8 

A 

B 

L2to0* 

L2tol80* 

L2to0* 

e 

323.2 

o 

327.2 

Q 

76.6 

e 

78.6 

o 

88.0 

0 

86.4 

• 
314.9 

• 
313.4 

7 

326.0 

329.1 

77.2 

78.3 

86.8 

86.2 

314.9 

317.0 

B 

8 

326.6 

329.6 

79.1 

77.4 

88.6 

87.9 

313.9 

318.0 

B 

9 

326.7 

329.1 

81.9 

77.8 

88.8 

88.2 

318.3 

316.9 

B 

10 
(1)  Meana  w  90* 

Readinsl 

326.6 

329.0 

83.4 

78.3 

90.0 

89.0 

313.3 

317.3 

B 

234.69 

238.40 

170.89 

169.36 

179.12 

177.78 

226.48 

226.49 

202?67 

Compaaa  Readingw 
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The  series  of  observations  with  magnet  2L  at  distances  1  and  3,  similar  to  that  with 
magnet  45,  was  made  between  the  first  half  (first  40  readingSi  1  to  5)  of  the  observations 
with  magnet  45  and  the  second  half  (second  40  readings,  6  to  10),  or  during  the  time, 
5*^  25""  to  5^  59™,  as  given  by  chronometer  256.  During  this  period,  magnet  45  was  removed 
from  the  observing-house  and  stowed  at  a  safe  distance.  The  local  mean  times  of  observa- 
tions with  each  magnet  and  for  each  distance,  as  will  be  seen  from  the  computations,  are 
the  same  within  2  minutes. 

The  computations  of  H  are  given  in  the  lower  part  of  the  same  form.  The  formula 
for  computing  H  is  given  on  page  236,  and  the  values  of  log  mC  are  obtained  from  Table  57, 
page  238.  It  will  be  seen  that  the  4  vahies  of  H  (0.2070, 0.2077,  0.2083,  0.2081),  resulting 
from  the  observations  at  two  deflecting  distances  with  magnets  45  and  2L,  are  in  fair 
accord.  The  means  in  the  last  column  give  the  mean  readings  of  ship's  heading  during 
the  observations.  The  mean  (1)  of  the  deflected  card-readings  for  sea  deflector  4  is  202?57 ; 
the  mean  (2)  of  the  direct  readingp  with  compass  39670  is  202?46;  the  two  independently 
derived  mean  readings  of  ship's  heading  thus  differ  only  0?1.  The  mean  reading  of  ship's 
heading,  by  deflector  and  compass,  is  202?5,  which  corresponds  to  the  heading  NNE,  on 
which  it  was  aimed  to  hold  the  vessel.  A  special  form  (25a),  not  given  here,  has  also  been 
devised  for  disclosing  readily  any  defective  readings  of  deflector  or  of  compass. 

A  specimen  determination  of  instrumental  constants  for  the  sea  deflector  will  be  f oimd 
on  page  240. 

Tota]>Intensitt  Obsbbtations,  August  23, 1913. 

Specimens  of  total-intensity  observations  and  computations  for  August  23, 1913,  with 
sea  dip-circle  189,  are  shown  in  Form  28  (loaded-dip  observations)  and  Form  28a  (deflec- 
tion observations),  pages  219  and  220. 

The  scheme  of  observation  consisted  of  set  I,  loaded  dips,  next  deflections  with  both 
short  and  long  distances,  and  finally  set  II  of  loaded  dips.  (See  also  p.  221.)  It  will  be 
seen  that,  in  the  case  of  the  loaded  dips,  the  extreme  positions  taken  by  loaded  needle,  as 
it  swings  to  ai^  fro,  are  recorded^  to  the  nearest  degree.  In  the  deflection  observations 
it  is  necessary  always  to  set  the  vertical  thread  of  the  microscope  on  middle  of  arc  of 
swing  of  suspended  needle.  Only  the  deflection  observations  for  short  distance  are 
given,  the  method  of  observing  being  the  same  for  long  distance.  Before  proceeding  with 
the  computation  of  the  horizontal  intensity,  J7,  from  the  total-intensity  observations,  it  is 
necessary  to  determine  the  adopted  value  of  the  inclination,  /.  At  the  bottom  of  Form 
28a,  p.  220,  will  be  found  a  summary  of  the  values  of  /,  derived  from  the  various  observa- 
tions (deflected  dip,  needle  7,  shcxrt  and  long  distances;  regular  dip,  needles  5  and  9;  earth- 
inductor  dip).  The  adopted  value  of  /,  after  the  corrections  on  standard  are  applied,  is 
+65?20.    This  is  used  in  getting  the  angle  u  ^  I  —  T,  and  in  the  computations  of  H. 

Referring  to  the  formuke  on  page  247,  the  methods  of  computing  H  from  loaded  dips 
and  from  deflections,  given  at  bottom  of  form  28,  page  219,  will  be  readily  imderstood.  It 
will  be  seen  that  values  of  ff  are:  0.2084  (deflections,  short  distance),  0.2102  (deflections, 
long  distance),  and  0.2077  (loaded  dips) ;  the  mean  is  0.2088.  The  accord  shown  between 
the  3  values  of  H,  derived  from  the  total-intensity  observations  with  the  sea  dip-circle, 
represents  about  the  average  case;  sometimes  the  accord  is  considerably  better,  at  other 
times  worse.  The  mean  value  of  H  agrees  with  that  derived  from  the  sea-deflector  observa- 
tions to  within  0.0010  c.o.s.,  which  must  be  regarded  as  satisfactory. 

'If  arc  of  swing  is  too  large  for  field  of  miorosoope,  a  hand  magnifier  is  used.  As  the  needle,  owing  to  the  ship's  motions, 
is  subject  to  discontinuous  forces,  causing  sudden,  siwsmodio,  and  erratic  displaoements,  it  has  not  been  found  practicable  to 
follow  the  scheme  of  observation  for  a  rhythmic  swing — combining,  for  example,  two  readings  of  extreme  position  on  the 
right  with  one  on  the  left,  etc. 
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Ocean  Magnetic  Obaervatiana:  Total  IrUemity  (F  by  Loaded-Dip  Method) 

(FonnSS) 


SiaHtm:  At 

DaU:  8ei.,  Aug.  28, 1013,  P.  M. 

Dip  drdt:  D.  C.  180 

^r«idl0:8kMded;wt..ll 


Lai:  89''  29^  N 

VeMel:  Carnegie 

Weather:  be         Sea:  S  to  M 

Caur$e:  NNE      Wind:  8,  2 


Long:  89*  51'  W 
Cam'iTr:  W.  J.  P. 
Chron'r:  266 
RoU:  S""  s.  to  4*  p. 


Obi'r:  C.  C.  C. 
Re<^<Pr:  C.  W.  H. 
Coffip  r*  C  W.  H. 
iimier;  C.  C.  C. 
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Ocean  Magmtie  ObaervoHana:  Tcial  IntemUy  {F  by  Dtfiectian  Method) 


(FormlSs, 

SUUion:  At  sea 

DaU:  Sat.,  Aug,  23. 1918,  P.  M. 

Dip  drde:  D.  C.  189 

Needle:  7  suape&ded;  8,  deflecting 

Weather:  bo 

Sea:  8  to  M 


ddtoCFormSS) 


Lat:  39*  29'  N 
Veeed:  Carnegie 
CkrfmW:  256 
Cawree:  NNE 
Wind:  8,  2 
iSoO:  S""  B.  to  4''  p. 


Ltmg:  W  hV  W 
CanCd^r:  W.  J.  P. 
Oftt'r;  C.  C.  C. 
Reed^r:  C.  W.  H. 
CowpT:  C  W.  H« 
IKoriMr:  C.  C.  C. 
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Inclination  Obsbrvationb,  Auoubt  23, 1013. 

Observations  with  sea  dip<ircle. — ^Form  27,  page  222  gives  specimen  inclination- 
observations  by  the  direct  or  absolute  method,  using  sea  dip-circle  189,  regular  dip-needle  5, 
observing  in  all  positions  of  circle  and  needle,  inclusive  of  reversed  polarity  of  needle.^ 
Similar  observations  were  made  with  needle  9.    (For  values  by  indirect  method,  see  p.  218.) 

The  scheme  of  observing  was:  (1)  dip  with  No.  5,  B  end  down;  (2)  dip  with  No.  9, 
B  end  down;  (3)  loaded  dip  with  needle  8;  (4)  deflections,  short  distance,  first  half; 
(5)  deflections,  long  distance,  first  half;  (6)  deflections,  long  distance,  second  half;  (7) 
defections,  short  distance,  second  half;  (8)  loaded  dip  with  No.  8;  (9)  dip  with  No.  9, 
A  end  down;  (10)  dip  with  No.  5,  A  end  down. 

As  in  the  case  of  the  loaded-dip  observations,  the  extreme  positions  of  the  swinging  dip- 
needle  are  recorded  to  nearest  degree.    For  each  extreme  position,  5  readings  are  taken. 

The  results  are  given  in  the  summary,  bottom  of  Form  28a,  page  220.  The  values  of 
/  by  needles  5  and  9,  referred  to  standard,  are:  +65?22  (No.  5)  and  +65?07  (No.  9). 
The  mean,  65?14,  agrees  within  0?06,  or  4^  with  the  earth-inductor  value  (+65?20). 

Observations  with  marine  earthrinductor. — Specimens  of  inclination  observations  and 
computations  for  August  23,  1913,  with  marine  earth-inductor  3,  are  shown  in  Form  29 
(earth-inductor  observations)  and  Form  29a  (galvanometer  readings),  pages  223  and  224. 

The  scheme  of  observation  followed  was  as  given  on  page  201 .  Galvanometer  scale- 
readings  similar  to  the  specimen  were  made  for  each  group  of  4  vertical-circle  (V.  C.) 
settings,  t.  e.,  for  each  position  (a)  commutator  up  with  gimbal  direct;  (6)  commutator 
down  with  gimbal  direct;  (c)  commutator  down  with  gimbal  reversed;  and  (d)  commutator 
up  with  g^bal  reversed.  There  were  thus  3  additional  pages  of  galvanometer  readingp 
similar  to  the  specimen  for  the  complete  specimen  set  of  /  with  the  earth  inductor.  The 
sequence  of  the  additional  galvanometer  readings  is  indicated  by  the  numbers  in  the  columns 
headed  '^  Settings ''  on  the  specimen  Form  29.  The  galvanometer  readings  recorded  under 
the  heading  r  were  inade  while  the  coil  was  spim  by  turning  the  crank  moimted  on  the  gimbal 
stand  (see  PL  14,  Fig.  5)  in  right-hand  direction;  those  recorded  under  the  heading  I  were 
made  while  the  coil  was  spun  by  turning  the  crank  in  left-hand  direction.  A  second  series 
of  observations,  set  II,  gave  for  the  same  station  and  date  the  following  values  for  inclina- 
tion: For  commutator  up  with  gimbal  direct  and  reversed,  +65?23;  for  commutator 
down  with  gimbal  direct  and  revereed,  +65?29;  or  a  mean  value  of  +65?26.  The  observed 
vahie  obtained  with  the  marine  earth-inductor  from  sets  I  and  II  was  therefore,  +65?22, 
which  reduced  to  standard  is  +65?20;  the  value  obtained  with  sea  dip-circle  189  at  the 
same  station  is  +65?  19  (see  p.  225). 

The  determination  of  the  balance  correction,  i.  6.,  the  correction  on  the  vertical-circle 
setting,  Suf  to  obtain  the  vertical-circle  setting  for  the  plane  of  inclination,  Si,  can  be  best 
shown  by  giving  the  computation  of  the  corrections  for  vertical-circle  settings  Si  and  Sz 
(see  also  p.  201) : 


32 


10 


Correction  on  Si  =  5,  -  Si  -  (^A_)(S,  -  Si)  =  (_^^LI^)(  +  2^)  =  +  1? 

Correction  on  S,  =  S,  -  S,  =  (^-^)  (S4  -  S,)  =  (—^:^^ 

The  value  for  inclination  follows  immediately  from  S<,  bearing  in  mind  that  the  vertical 
circle  is  graduated  continuously  from  0°  to  360^  in  a  clockwise  direction,  as  one  looks  at 
the  face  of  the  circle.  The  verniers  are  fixed  in  position,  while  the  circle  bears  a  fixed  rela- 
tion to  the  rotation-axis  of  the  inductor  coil  such  that  when  the  rotation-axis  of  the  coil  is 
horijEontal  the  two  vemier^readings  are  0^  and  180^. 

'Tbe  rayeraal  oi  poUuitsr  is  made  by  maaiiB  of  a  mall  electric  coil,  mounted  in  forward  observinf-dome,  the  magnetising 
eurraoi  being,  of  eoune,  turned  oo  only  when  no  observations  are  be^  made. 
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Ocean  Magnetic  Observations,  1005-16 


Ocean  Magnetic  Observaiions:  IndinaHon  (/) 

(Form  27) 

StaHon:  At  sea  Lai:  39""  29'  N 

DaU:  Sat.,  Aug.  23,  1913,  P.  M.  Vessd:  Carnegie 

Dip  eirde:  D.C.  189  ChranW:  256 

NeedU:  5  Cawrse:  NNE 

TFeolW:  bo  TFifid:  S,  2 

iS«a;  S  to  M  /fott:  3""  8.  to  4*"  p. 


Long:  39"  61'  W 
Confd^r:  W.  J.  P. 
Ob»V:C.  C.  C. 
Rec'dTr:  C.  W.  H. 
CampW:  C.  W.  H. 
Revi9er:  C.  C.  C. 


End  of  needle  marked  B  down 


Micro.  A:  Down 


Circle  East 


Needle  Face  East 


S 


244  to  246 
4  6 

4  6 

5  6 
5  6 


245?2 


N 


64  to  66 
4  6 
4  6 
4  6 
4        6 


65h0 


66?0 


65* 


Circle  West 


Needle  Face  West 


S 


294  to  296 
4  6 

4  6 

4  6 

4  6 


295?0 


N 


114  to  116 
4  6 

4  6 

4  6 

4  6 


05 


65t00 


115?0 


Circle  West 


Needle  Face  East 


S 


294  to  296 
4  6 

4  6 

4  6 

4  6 


295?0 


N 


114  to  116 
4  5 

4  6 

5  6 
4  6 


65t00 


116?0 


Circle  East 


Needle  Face  West 


S 


245  to  246 
5  6 

4  6 

5  6 
5  6 


245?4 


N 


65  to  66 
5  6 
5  6 
5  6 
5        6 


Mean:  +65?14 


65?22 


65*45 


65?5 


Polarities  reversed.    End  of  needle  marked  A  down 


Micro.  A:  Up 


Circle  East 


Needle  Face  East 


S 


N 


Circle  West 


Needle  Face  West 


S 


N 


Circle  West 


Needle  Face  East 


S 


N 


CirdeEasi 


Needle  ¥bio&  West 


S 


N 


244  to  246 
5  6 

5  6 

5  6 

5  6 


65  to  66 
5        6 

4  6 

5  6 
5        6 


293  to  295 
3  5 

3  4 

4  5 
4  5 


114  to  115 
3  5 

3  5 

4  5 
3  5 


292  to  295 

3  5 

4  5 
4  5 
4  5 


114  to  115 
4  5 

4  5 

4  5 

4  5 


244  to  245 
4  6 

4  6 

4  6 

3  6 


65  to  66 
4  5 
4  6 
4  5 
4        6 


245?4 


65* 


40 


65?4 


294?1 


114?2 


294?2 


65* 


62 


66?85 


65?65 


114?5 


244?8 


Mean:  -f65?44 


65*25 


64?85 


64?9 


Resulting  Dip, /:  +65?29 


Time  of  beginning  bv  Chron'r  256 
Time  of  ending  by  ChronV  256 

Mean  time  by  Chron'r  256 
Corr'n  of  Chron'r  256  on  L.  M.  T. 

Local  mean  time 

Magngtic  articles  removed:  Yes 

Gimbal  circle  reads:  22?5  and  202?5 


h 

m 

5 

09 

6 

18 

5 

44 

+8 

53 

14 

37 

Chron'r  53862 

Corr'n  on  G.  M.  T. 

G.  M.  T. 

Long. 

L.  M.  T. 

No.  256  reads 

No.  256  on  L.  M.  T. 


h 

4 

+12 

16 

-  2 

13 

5 


m 
36.0 
00.7 
36.7 
39.4 
57.3 
03.9 


+  8    53.4 


Spbcihbn  Magnetic  Obbervationb  and  Couputations 
Oetan  Magnttic  Obtervationt:  Eartk-Induetor  ObaenxUioru  for  Indination  (/) 

OtaaM) 


Lpt:  39*  »'  N  Lone:  39*  51'  W 

VatiL  CuTugie  Com'd'r:  W.  J.  P. 

i—  ■■■.».  i».  L  3:  Oahr'r  HI  CAronV;  256  Ob*'f;  C.  W.  H. 

fferiaoHtat  etfd*.-  ISIT:  (T  IFMtter;  b«  Aec'<f r:  H.  R.  S. 

OviAat  etrde:  23*;  202*  3*8.-  S  to  M  Comp'r;  C.  C.  C. 

ANwhitfoM  «^  mmi  p«r  miAute:  120  Cowte:  NNE  fimfcr;  C.  W.  H. 

Wind:  8,  2  Soil:  4"  ■.  to  5"  p. 


■Conaetioii  -  I  ~j*~~r —  I  A;  n*  Fonn  2Ba  (or  rkhiMofrf. 
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Ocean  Magnetic  Observations,  1906-16 


Ocean  Magnetic  Obeervaiians:  Earth'Induetcr  Obeervationa  (Galvanometer  Readinge) 

(Form  90a) 


SiaHan:  At 
DaU:  Sat.,  Aug.  23,  1913,  P.  M. 
InttrumerU:  Gfuv'r  Ml 
Shunt:  100  Watch:  M 


Lai:  sr  29'  N 
Ve89tl:  Cam«pe 
ObiW:  C.  C.  C. 
CompW:  C.  C.  C. 


Long:  39''  51'  W 
Coffffd^r:  W.  J.  P. 
lUed^r:  N.  M. 
Aevtaer;  C.  W.  H. 


V.  C.  of  Inductor 
V.  C.  Setting 
Crank  Turn 

East 

West 

1 

2 

3 

4 

r 

I 

r 

I 

r 

I 

r 

I 

d 

d 

d 

d 

d 

d 

d 

d 

Scale  Reading    1 

56 

62 

53 

56 

56 

59 

61 

54 

2 

58 

61 

59 

56 

57 

58 

62 

59 

3 

58 

62 

68 

59 

59 

59 

63 

56 

4 

59 

59 

64 

58 

56 

61 

65 

54 

«          5 

56 

58 

62 

57 

59 

62 

64 

57 

«          6 

56 

66 

63 

56 

66 

61 

61 

58 

7 

57 

62 

61 

59 

62 

59 

64 

53 

8 

58 

59 

61 

61 

58 

59 

66 

58 

9 

58 

63 

58 

57 

66 

59 

63 

56 

10 
Means,  1  to  10 
Scale  Reading  11 

56 

61 

56 

56 

66 

61 

61 

57 

57.2 

61.3 

60.5 

57.5 

60.5 

59.8 

63.0 

56.2 

59 

62 

59 

58 

63 

62 

64 

54 

12 

58 

64 

69 

62 

54 

62 

69 

56 

13 

59 

62 

66 

61 

56 

61 

66 

57 

14 

56 

62 

62 

58 

59 

60 

63 

55 

15 

54 

61 

57 

57 

62 

60 

66 

56 

16 

57 

66 

59 

59 

61 

62 

66 

54 

17 

58 

64 

62 

62 

58 

61 

62 

56 

18 

59 

61 

61 

59 

62 

59 

62 

57 

«          «        19 

56 

61 

59 

58 

61 

58 

61 

56 

•          «        20 
Means,  11  to  20 
Means,  1  to  20 

54 

61 

58 

59 

54 

59 

66 

58 

57.0 

62.4 

61.2 

59.3 

59.0 

60.4 

64.5 

55.9 

57.1 

61.8 

60.8 

58.4 

59.7 

60.1 

63.8 

56.0 

d 

d 

d 

d 

DifTerences,  r—l 

-4.7-(ii 

+2.^ 

1-d, 

-0.^ 

(-d. 

+7.1 

I'd, 

h     m 

h     m 

h    m 

h    m 

h    m 

h     m 

h    m 

h    m 

Time,  Beginning 

4  15.1 

4  15.5 

4  16.3 

4  16.7 

4  17.6 

4  18.0 

4  18.9 

4  19.3 

Time,  Ending 
Mean  Watch  Times 

15.4 

15.8 

16.6 

17.0 

18.0 

18.3 

19.2 

19.6 

4  15.2 

4  15.6 

4  16.4 

4  16.8 

4  17.8 

4  18.2 

4  19.0 

4  19.4 

Mean  Watch  Time  f 

or  Galv'r  Readings 

for  V.  C. 

Settings  1 

lto4 

4  17.3 

Watch  Correction  ox 
Local  Mean  Time  fo 

i  Local  Mean  Time^ 

or  V.  C.  g 

(ettings  1 

to4 

+9  22.1 

r  Galv'r  I 

leadings  f 

13  39.4 

K)btained  from  page  213  by  applying  the  equation  of  time. 
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SUIOCART  OF  MaONETIO  OBSERVATIONS  ON  AUGUST  23,  1913. 

There  have  been  inehided  in  the  following  summary  of  results  of  magnetic  observations 
made  in  the  afternoon  of  August  23, 1913,  also  the  declination  observations  in  the  morning 
of  the  same  day  at  station  1336  C  II. 


Tablb  51.— 

'Bu¥Um  ^  Mi^n^titU  ObmvatUm 

1  on  Avguit  $S,  1913. 

Station 

Li^tode 

Long. 

East 

of  Or. 

Deolination 

Inelinataon 

Horiaontal  Intensity 

U.M.T. 

Value 

Inst 

Obe'r 

J^ 

L.IC.T. 

Value 

Inatr. 

ObeV 

J^ 

L.M.T. 

Value 

lostr. 

Oba'r 

f^ 

1335CIF 
1337  C  IP 

133SCIP 

O           9 

38   48N 

e         / 
320    10 

mean 

h 

6.6 

5.6 

e 

24.16W 
24.06W 

Cl» 
D4« 

PAS 
CAH 

2 

1 

h 

o 

h 

c.  g,  t. 

24.13  W 

(24^08'W) 

30   20N 

320    00 

14.6 
14.7 

+66.10 
+65.20 

180.6075' 
EI  3* 

CCC 
CWH 

1 

1 

14.6 
14.6 

.2078 
.2003 
.2077 

D4« 
180.75SL* 
180.  «»• 

HRS 
CCC 
CCC 

8 
2 
1 

We 

iffhted  B 

nean 

A 

+65.20 
(+65«120 

.2083 

30   44N 

Weicfatac 

320    10 

18.3 
18.3 

25.06  W 

25.07  W 

Cl» 
D4* 

PAS 
CAH 

2 

1 

25.08  W 
(25^05'W) 

>Coiine,  NNE; roD  from  aide  to  nde,  6*;  tea,  S;  weather,  bo. 

K>mnB,  NNE;  roll  from  nde  to  nde,  8*;  aea,  MS;  weather, 
be. 

*Coiirae,  NNE;  roll  from  iide  to  aide,  8*;  sea,  S;  weather,  be. 

^Thia  ia  the  eomhining  weight  when  taking  the  weighted 
of  individual  Tahiea.  It  is  not  to  be  oonf  uaed  with  the 
;"  (wt.)  whidi  appears  in  the  Table  of  Reaulta.  The 
laltsr  ia  intended  to  give  an  approximate  measure  of  the  relia- 
bilitjof  aresultaeooffdingtooonditionsenoountered.  Thus, 
to  the  rssolts  on  August  23, 1013,  a  weight  of  3  was  aseigned 
in  the  table.    (See  esplanation.  pp.  258-250.) 


'Marine  ooUimating-oompass  1. 

*Sea  deflector  4. 

^Sea  dip-eirole  180,  regular  dip  needles  5  and  0,  and  inten- 
sity needle  7  deflected  by  intensity  needle  8;  for  sunmiary  of 
individual  values,  see  bottom  of  Form  28a,  p.  220. 

'Marine  earth-induotor  3. 

•Sea  dipHBirde  180,  deflection  observations  with  needles  7 
and  8. 

'*Sea  dip-cirde  180,  loaded-dip  obeervations  with  needle  8. 


GEOGRAPHIC  POSITIONS  AT  SEA. 

In  ordinary  navigation  the  position  of  the  ship  is  required  at  the  earliest  moment 
poemble,  particularly  in  the  vicinity  of  land,  rocks,  reefs,  and  like  dangers.  For  this  pur- 
pose a  single  Sumner  line  is  often  sufficient  for  the  immediate  needs  of  the  navigator.  For 
the  geographic  positions  of  sea-stations,  where  magnetic  results  have  been  obtained,  the 
promptness  of  acquiring  the  geographic  coordinates  is  not  so  important  as  the  attainment 
of  the  highest  precision,  which  necessarily  involves  delay  to  secure  the  data  and  make 
additional  computations.  The  navigational  work  of  the  Carnegie  has  been  planned  to 
meet  both  requirements.  The  dead-reckoning  is  advanced  as  quickly  as  is  practicable, 
and  the  new  navigational  methods  are  freely  used  when  advantageous,  but  upon  the  high 
seas  the  usual  work  of  navigation  on  the  Carnegie  is  computed  on  forms  which  become  a 
permanent  record,  and  permit  application  of  subsequent  corrections  for  current  effects  or 
similar  causes  that  may  affect  the  course  and  distance  run. 
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Dead  Reckoning. 

The  data  for  the  dead  reckoning  (D.  R.)  are  the  ship's  courses  and  the  log-readiiigB* 
the  corrections  to  these,  the  astronomic  positions,  and  the  times  or  {Jaees  for  wfaidi  posi- 
tions are  required.  The  times,  places,  courses,  leeway,  and  log-Teadings  are  taken  from 
the  ship's  log-book  and  entered  on  Form  42  below.  In  the  ccdumn  headed  ''Shq>'s  Time'' 
are  entered  the  ship's  times  at  the  various  places  whose  geographic  podtioiis  are  required, 
either  for  scientific  results  or  for  navigational  reasons.  The  places  are  stated  or  else  indicated 
by  symbols  or  abbreviations,  which  will  readily  be  recognised.  The  first  entry  refers  to  the 
last  position  of  the  day  before.   In  the  specimen  form  it  is  the  place  ndiae  two^star 

Gtoqrajpkie  Ponticns  at  Sea:  Dead  Reekawing 

(Form  42) 


Dale:  Sat.,  Au^.  23, 1913 
VaatL  Carnegie 

Wind:  SSE,  SE,  S,  SSW 
Cam'd^r:  W.  J.  P. 

Cmtp^r: 
Bmmr: 

H.R.S. 
W.  J.  P. 

Ship's  Time 

Compass 

Ded'n 

Dew'n 

Lee- 
way 

True 
Course 

Log 
Readings 

Dis- 
tances 

N 

8 

E 

sriZes  1 

W 

Diir. 
Loos. 

k  m 

7  04  p.  m.,  •  •  yerterday 

5  38  a.  m.,  D  obs'na 

8  03  a.  m.,  e  ah. 

9  18  G.  M.  NoQo 

2  42,  //  and  /  oba'na 
4  00,  0  ah. 

6  20,  D  obs'ns 

7  00,  •  ^  ah. 

e 

o 

0 

o 

• 

31.2 
83.4 
94.8 
100.8 
13.8 
25.9 
31.3 
40.6 
44.1 

miles 

f 

r 

ink* 

m    m     m     m 

1.8 
0.4 
0.2 
0.4 
0.6 
0.3 
0.5 
0.2 

2.3  W 
0.5  W 
0.3  W 
0.5  W 
0.8  W 
0.4  W 
0.7  W 
0.3  W 

X22E 
N22E 
N22E 
N22E 
N22E 
N22E 
N22E 
N22E 

-24 
-24 
-24 
-24 
-25 
-25 
-25 
-25 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

358 
358 
358 
358 
357 
357 
357 
357 

52.2 

11.4 

6.0 

13.0 

12.1 

5.4 

9.3 

3.5 

52.2 

11.4 

6.0 

13.0 

12.1 

5.4 

9.3 

3.5 

k  m 
Yesterday  at            7  04  p. 
RmitoDobe'na       5  38  a. 

By  D.  R.                 5  38  a. 

(Adjusted)               5  38  a. 
Run  to  o  alt.           8  03  a. 

By  D.  R.                 8  03  a. 

f.\djui(ted)  by  obs.  8  03  a. 
Run  to  G.  M.  Noon  9  18  a. 

By  D.  R.                  9  18  a. 
(Adjusted)                9  18  a. 
Run  to                      Xoon 

By  D.  R.  at             Noon 
By  obs.  (adjusted)  Noon 
Run  to  HI  obs'ns     2  42  p. 

By  D.  R.  at            2  42  p. 
(Adjusted)               2  42  p. 

m. 
m. 

m. 
m. 
m. 

m. 
m. 
m. 

m. 
m. 

m. 

m. 
m. 

Lathnde 

O              f 

37  59.0  N 
52.2  N 

Longitude^ 

O              0 

39  46.9  W 
02.3  W 

By  D.  R. 
Run  to  •  ah. 

ByD.R. 

(Adjusted)  by  ol 
Run  to  D  obs'm 

By  D.  R. 

(.\djusted) 
Run  to  ♦  ♦  alt. 

By  D.  R. 
By  obe. 

k  m 

2  42  p.  m. 

4  00  p.  m. 

4  00  p.m. 

bs.  4  00  p.  m. 
1     6  20  p.  m. 

6  20  p.m. 

6  20  p.  m. 

7  13  p.  m. 

7  13  p.  m. 
7  13  p.  m. 

38  28.9  N 
05.4  N 

Loiigitiicle> 

39  50.3  W 
00.4  W 

38  51. 2N 

(38  48.2  N) 
11.4  N 

39  49.2  W 

(39  48.4  W) 
00.5  W 

30  34.3  N 

(39  34.7  N] 

09.3  N 

39  50.7  W 

39  50.1  W 

00.7  W 

39  02.6  N 

(38  58-9  N) 
06  ON 

39  49.7  W 

39  48.7  W 

00.3  W 

39  43  6  N 

(39  44.2  N] 

03.5  N 

39  50.8  W 

(39  49.1  W) 

00.3  W 

39  08.6  N 
(39  04.6  N) 
13.0  N 

39  49.0  W 

(39  48.9  W) 

00.5  W 

39  47.1  N 
39  47.8  N 

39  51.1  W 
39  48.8  W 

39  21.6  N 

39  16.8  N 

12.1  N 

39  49.5  W 

(39  49.2  W) 

00.8  W 

39  28.9  N 

(39  29.2  N) 

39  50  3  W 
(39  49.8  W) 

Loocitudes  are  to  be  increased  by  1  !4  on  account  of  sea  rate  of  chronometer,  determined  finally.  September  12»  lOlS. 


tions  made  in  the  evening  of  August  22  have  detennined  both  latitude  and  longitude. 
The  ship's  magnetic  courses  by  the  standard  compass  are  entered  in  the  second  oohmm 
under  "compass."  The  magnetic  declinations  given  in  the  next  column  are  taken  fitm 
navigation  charts  corrected,  as  necessary,  for  the  error  indicated  by  the  magnetic  resultB 
of  preceding  days;  the  minus  sign  indicates  west  declination.  The  deviation  at  the 
standard  compass  is  zero,  as  noted  in  the  fourth  column.  The  leeway  is  taken  from  tiie 
log-book,  where  its  estimated  magnitude  is  recorded  every  4  hours,  or  at  every  diange 
of  wind  or  course.    In  the  specimen  form,  the  wind  coming  from  SSE  to  SSW  and  the 


r  v-» ^  I  i-' .  .  '*  1 »  I 


A-'  :0''.  L!:r:o\ 
i  IL3.  N  f  I.  jr.r-    I     N> 
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ship  heading  N  22^  E,  there  is  no  leeway.  The  true  course  is  the  compass  course  cor- 
rected for  the  foregoing,  and  is  entered  in  the  column  under  ''True  Course";  it  is  coimted 
from  north  as  zero,  through  east,  continuously  to  360^.  The  readings  of  the  log  and  their 
difTerences,  or  the  distances  in  miles,  are  given  in  the  next  two  columns.  Under  the  letters 
N|  S,  E,  and  W,  is  the  ordinary  form  for  computing  latitude  and  departure.  The  depar- 
tures are  converted  into  minutes  of  longitude  and  placed  in  the  last  column. 

The  lower  portion  of  Form  42  contains  the  geographic  positions  and  the  latitude  and 
kmgitude  increments  due  to  the  vessel's  run,  taken  from  the  final  colimms  of  the  upper 
p(»rtion  of  the  form.  Here,  also,  the  first  entry  is  the  last  position  of  the  day  before.  The 
various  increments  of  latitude  and  longitude  are  transferred  to  their  proper  places  as  soon 
as  they  become  available,  and  the  vessel's  approximate  position  is  therefore  practically 
always  known  by  carrying  on  the  summations.  As  soon  as  they  become  available  the 
astronomic  positions  are  written  in  after  the  words  ''By  obs."  The  adjusted  values  are 
also  written  on  the  same  line,  but  are  distinguished  from  the  astronomic  positions  by 
inclosing  them  in  parentheses.  As  the  adjusted  positions  are  not  inserted  on  the  form 
before  the  dead  reckoning  has  been  made,  they  do  not  interfere  with  the  legibility  of  original 
computation. 

The  positions  of  the  various  magnetic  stations  at  sea  are  adjusted  for  the  discrepancies 
that  are  usually  foimd  between  the  dead-reckoned  and  the  astronomic  determinations 
that  immediately  follow  them.  Since  the  latitude  and  longitude  are  rarely  obtained 
simultaneously  except  at  twilight,  they  must  be  adjusted  separately  and  between  different 
control  observations.  Thus  in  the  specimen  Form  42,  starting  from  the  star  determination 
at  7^  04"'  of  the  evening  of  August  22,  it  will  be  seen  that  there  is  no  control  over  the  dead- 
reckoned  latitudes  before  the  noon  observations.  The  noon  position  by  dead  reckoning 
is  39^  21^6  N,  and  by  observation  it  is  Zff"  16'8  N.  The  difference,  4^8,  is  distributed 
proportionally  to  the  elapsed  time,  so  that  the  dead-reckoned  latitude  of  the  morning 
decimation  station,  made  at  5^  SS"",  is  to  be  decreased  from  38''  5l!2  N  to  38"" 48^2  N. 
Similarly, .  the  longitude  of  the  same  magnetic  station  is  adjusted  by  decreasing  its  dead- 
reckoned  longitude  from  39''49!2Wto  39''48;4  W  by  distributing  the  difference,  I'O, 
between  the  dead-reckoned  longitude  and  the  observed  longitude  at  8^  03'"  in  the  morning, 
proportionally  to  the  time  elapsed  since  1^  04"  of  the  evening  before. 

The  position  of  the  observations  of  magnetic  dip  and  horizontal  intensity,  made  at 
2^  42™  in  the  afternoon,  is  adjusted  for  latitude  between  the  noon  position  and  the  two-star 
position  obtained  at  7^  15"^  in  the  evening,  and  for  longitude  between  the  morning  astro- 
nomic longitude  at  8^  03"*  and  the  afternoon  longitude  at  4^  00".  The  longitudes  require 
a  further  correction,  as  indicated  in  the  footnote  of  the  form.  This  correction,  however, 
can  not  be  determined  before  the  next  port  is  reached,  where  standard  time  is  available 
for  controlling  the  chronometer  rates,  which  have  to  be  assumed,  in  the  meantime,  as  being 
the  same  as  determined  at  the  last  port.  This  longitude  correction  in  the  specimen  Form 
42  depends  upon  the  chronometer  corrections  determined  at  St.  Helena  June  24,  1913, 
and  again  at  Falmouth  September  12,  1913,  that  is,  from  a  period  of  80  days.  With  the 
OHTections  determined  at  St.  Helena  and  the  adopted  rates  while  at  sea,  the  computed 
Greenwich  mean  time  was  foimd  to  be  7?3  slow  on  the  standard  at  Falmouth.  Therefore 
Uie  correction  to  the  longitudes  of  August  23,  1913,  expressed  in  minutes  of  arc,  is 

-T-  X  gTv  =  1 '  4,  increasing  west  longitudes. 

The  final  geographic  positions  of  magnetic  stations  on  August  23,  1913,  are,  therefore 
38""  48'  N  and  39""  50'  W  for  morning  magnetic-decimation  results;  39""  29'  N  and  39""  51'  W 
for  magnetic  intensity  and  dip  results;  and  39^  44'  N  and  39^  50'  W  for  the  afternoon 
magnetic-declination  results,  as  appear  on  the  magnetic-observation  sheets  of  this  date. 
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LoNQiTUDB  Obbdbtationb  (Singub  Aititudeb). 

Specimen  observations  and  computations  of  astronomic  lon^^tudes  by  nngle  altitudes 
are  shown  on  Fonn  41  below,  which  is  designed  for  both  Sun  and  star  altitudes,  the  por- 
tions not  required  in  either  case  being  marked  in  the  specimen  farm  "for  star  observations," 
or  "for  Sun  observations."  The  hour  angle,  t,  is  computed  from  the  latitude  ^,  the  polar 
distance  p,  and  the  altitude  h,  by  means  of  l^e  equation 


in*  ^  f  =  sec  ^  cosec  p  cos  s  nn  (<  —  ft) 


in  which  «  =  o  (ft  +  ^  +  p).    Six  altitudes  are  measured  in  quick  Bueoeaedon,  three  of  the 

lower  limb  and  three  of  the  upper  limb  when  the  Sun  is  observed,  as  indicated  in  the  q>eci- 
men  form.    The  times  are  noted  by  a  recorder  who  enters  tiiem  wit^  the  corresponding 

Oeognphic  Poaitumt  at  Sea:  Longitade  Ohtervationa  {Single  AltUudet) 


altitudes.  In  the  specimen  above  the  times  were  taken  from  the  watch  M,  which  bad 
been  compared  with  the  chronometer  53862,  the  entries  being  made  in  the  allotted  space 
on  the  form  at  the  time  the  comparisons  were  made.  Greenwich  mean  time  is  indicated 
by  the  letters  G.  M.  T.  The  right  ascension  of  the  mean  Sun,  Greenwich  sidereal  time, 
the  right  asceuEdon,  the  hour  angle,  and  equation  of  time  are  indicated  respectively  by  the 
abbreviations  R.  A.  M.  S.,  G.  S.  T.,  R.  A.,  (,  and  E.  "Tab.  Ill"  refers  to  the  table  of 
the  American  Ephemeris  which  gives  the  acceleration  of  sidereal  on  mean  time.  With 
these  explanations  the  steps  of  the  computation  are  easily  followed  to  the  lon^tude. 
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The  computation  has  been  made  with  an  approximate  latitude  39^  02!  6  N,  which  was 
taken  from  the  dead  reckoning.  This  latitude  was  adjusted  later,  as  has  been  explained, 
and  consequently  the  resulting  longitude  required  a  correction  for  the  change  of  latitude, 
3.7  south.  This  change  is  computed  from  the  well-known  di£Ferential  formula  or  taken 
Cram  any  one  of  the  numerous  nautical  tables  designed  for  the  purpose.  The  specimen 
pven  IB  one  of  two  sets.  The  other,  having  been  made  and  computed  independently  by 
another  observer,  ^ves  a  corrected  longitude  of  39^  48^4  W.  llie  mean,  39^48!?  W,  is 
the  adopted  value  finally  entered  on  the  dead-reckoned  sheet  after  the  words  ''By  obs." 

Latftudb  Obsebvations. 

The  latitude  observations  are  recorded  and  computed  on  Form  40,  of  which  a  specimen 
is  given  below.  According  to  the  usual  practice  at  sea,  the  maximum  altitude  of  the  Sun 
is  noted  at  noon.  The  specimen  shows  the  observations  made  at  noon  on  August  23  by 
three  observers,  C.  C.  C,  H.  R.  S.,  and  M.  C.  The  mean  of  three,  39""  16!8  N,  is  adopted 
and  entered  in  the  dead  reckoning. 

The  longitude  is  again  determined  in  the  afternoon  by  two  observers  in  the  maimer 
atafeady  shown  (Form  41,  p.  228).  The  results  by  two  observers  are  39""  49!5  W  and  39"" 
50.7  W,  the  mean  of  which,  39^  50!  1 W,  has  been  entered  in  the  appropriate  place  of  the 
dead-reckoning  sheet. 

Geegraphie  PositionB  at  Sea:  Latitude  Obeervatione 

(FonB40) 

IMc:  Stti.,  Aug.  23, 1913      Vettd:  Carnegie      Com'd^r:  W.  J.  P.      Oha^rs  and  Camp*n:  C.  C.  C,  H.  R.  S.,  M.  C. 


Sextant 
No. 


Object 


Oba'dAh. 


Index  Corr'n 


Ah.Corr'd 
for  I.  C. 


Correctiona 


Declination  calculation 


a 


n 


\^«  O*  \j» 

ER.& 
II.  C. 


22876 
2617 
2611 


62  05  00 
62  04  20 
62  01  30 


Sextant 
No. 


ObeenrationB  f or 

Index  Cwr'n 
(Sun's  diameter) 


// 


22876 
2617 
2611 


32  40 
31  40 
29    10 


// 


+30  40 
31  40 
34    10 


-1    00 
0    00 

+2    30 

Mean 

Total  corr'n 
True  alt. 
Zen.  diet. 
Ded'n 

Latitude  (N) 


62  04.0 
62  04.3 
62    04.0 


62    04.1 

+11.3 

62    15.4 

27    44.6 

+11    32.2 


Semi-Diam. 

R.^bP. 

Dip 

Total 


+15.9 

-  0.4 

-  4.2 


+11.3 


Ded'n  at  O.  M.  N. 
Hourly  Diflf.:  -0'.85 
Time  from  G.  M.N. :  +2^7 
Corr'n:  (+2.7)(-0.85) 

Ded'n  at  Obe'n 


+11 


34.5 
-02.3 


+11    32.2 


39    16.8 


Poaition:  bridge 
Hei^tofeye:  18  feet 
Honxon:  good 
Wind:  S  2 
Barometer:  772  mm. 


Remarka 

Thermometer:  26?5  C. 
Starb.  log:  13.8 

Port  log: 

Dir.  of  object:  8 


Latttudb  and  Longitudb  Observations  (Two-Star  Altxtudes). 

The  astronomic  work  of  the  day  is  finally  completed  by  two-star  observations,  both  of 
are  recorded  and  computed  on  Form  41a,  which  is  practically  the  same  as  Form  41, 
already  described.  When  one  of  the  observations,  however,  is  a  meridian  altitude,  then 
latitude  form  (No.  40  above)  is  used.  In  the  specimen  (p.  230),  the  observations  on  Arc- 
turns  and  Jupiter  by  one  of  the  two  observers,  together  with  the  computations,  are  shown. 
The  dead-reckoned  latitude,  30^  47!  1  N,  was  used  in  the  computations;  the  correction  to 
this  latitude  is  +0.7,  making  a  final  value  of  39^  47^8  N,  as  obtained  from  differential 
fonnuls  or  from  nautical  tables.  The  approximate  correction  A  ^,  by  differential  formulae  is 
obtained  from  the  equation 

X'  -  V 

Ay  «      .    ./; TT,  COS  ip 

cot  A"  —  cot  A' 

in  iHiich  X'  and  X''  are  the  approximate  longitudes  (reckoned  westward),  determined 
reqieetively  from  the  sefMrate  stars,  by  using  an  assumed  latitude,  y,  while  A'  and  A"  are 
the  reqieetive  aiimnths  reckoned  positive  from  south  around  by  west. 


230 


OcnsAN  Magnetic  Observationb,  1905-16 


Oeographic  Positions  at  Sea:  Latitude  and  LongUude  Obeervatians  {Two-Star  AUUudes) 

(Form  41a) 

Date:  Sat.,  Aug.  23,  1913,  P.  M.      Veuel:  Carnegie     ConCd^r:  W.  J.  P.       Obt'r:  H.  R.  S.      CamptUer:  H.  R.  8. 


Object 


ArctHrns 


Means 
Corrections 


Time  by 
Watch  M 


h     m  8 

9    45  56 

46  27 

46  48 

47  05 
47  28 
47  53 


9    46    56.2 
+01     19.8 


Observed 
Altitude 


46 
46 
46 
45 
45 
45 


09.5 
04.0 
00.5 
57.0 
52.0 
47.5 


45    58.4 
-01.9 


Chron'r  53862 
Chron'r  corr'n 
G.  M.  T. 
Watch  M 

Watch  M  oorr'n 


Starb'd  log ... . 
Port  log 


Chronometer  Comparisons 


Before 


h    m       s 
9    04    35.0 
+36.5 
9    05    11.5 
9    03    52.0 


+01     19.5 


After 


km       $ 
9    58    25.0 
+36.5 
9    59    01.5 
9    57    41.6 


+01     19.9 


G.  M.  T. 
R.  A.  M.  S. 
Tab.  Ill 


G.  S.  T. 
R.  A.  of  star 


H.  A.  from  Gr. 


9    48    16.0 

10    04    41.3 

01    36.6 


19    54    33.9 
14    11    43.1 


5    42    50.8 


45  56.5 
39  47.1 
70    22.0 


156    05.6 
78    02.8 


»  True  A 
=  ^ 

-  P 

-  28 

-  8 


32    06.3     -  {8-h) 


Sex.  No.  2944 


Total 
Corr'd  latitude:  39''  47^8  N 


Corrections  to  Obe.  Alt. 


Semi-diameter 
Refraction  and  Par. 
Dip  of  horizon 
Index  oorr'n 
EkKsentricity 


-0.9 
-3.5 
+2.5 


-1.9 


Log  sec  ^ 
Log  CSC  p 


Log  cos  8 

Log  sin  (8-h) 

Log  sin*  ^t 


H.  A.  from  Gr. 
Longitude  in  time 
Longitude  in  arc 
Cor?n  for  ass'd  lat.  (+017) 

(+0.3) 
Corr'd  longitude 


0.11438 
0.02601 


9.31621 
9.72548 


Astronomic  Elements 


Decl'n  at  G.  M.  N. 
Hourly  diff.:  O'.O 
Time  from  G.  M.N.: 

+9^8 
Corr'n:(+9.8)(0.0) 

Ded'n  at  obs'n 


Eq.  time  at  G.  M.  N. 

Hourly  diff. : 

Time  from  G.  M.  N. : 

Correction: 

Eq.  time  at  obs'n 


9.18208 

h     tn        8 

3    03  37.5 

5    42  50.8 

2    39  13.3 

39'  48'.3 

+00.2 
39    48.5 


R.  A.  of  star  at  G. 

M.N. 
Hourly  diff.  :0?0 
Time  from  G.  M.  N.: 

+9»»8 
Corr'n:  (+9.8)  (0.0) 

Right  asc'n  at  obs'n 


e  / 

+19    38.0 


0.0 


+19    38.0 


for  Sun 
obs'ns 


h    m    8 
14  11  43.1 


00.0 


14  11  43.1 


Remarks 
Position:  quarter-deck 
Ht.  of  eye:  13  ft.      Horizon:  good 
Wind:  SSW  Bar.:  772 mm. 

Thermometer:  24?4  C. 
Diiecofobj.:  N  103*  W 


Object 


Jupiter 


Means 
Corr'ns 


Time  by 
Watch  M 


h      m  8 

9    53  26 

54  07 

54  28 

54  48 

55  06 
55  25 


9    54    33.3 
+01     19.9 


G.  M.  T. 
R.  A.  M.  S. 
Tab.  Ill 


G.  S.  T. 

R.  A.  of  star 


H.  A.  from  Gr. 


Sex.  No.  2944 


Total 
Corr'd  latitude:  39''  47'.8  N 


9    55    53.2 

10    04    41.3 

+01     37.9 


20    02 
18    35 


12.4 
51.8 


1     26    20.6 


Observed 
Altitude 


24 


31.5 
34.5 
36.5 
38.5 
39.5 
40.5 


24    36.8 
-03.1 


Chron'r  53862 
Chron'r  corr'n 
G.  M.  T. 
Watch  M 

Watch  M  corr'n 


Starb'd  log  44.1 
Port  log 


Chronometer  Comparisons 


Before 


km        8 
9    04    35.0 
+36.5 
9    05     11.5 
9    03     52.0 


+01     19.5 


After 


Astron<Hnic  Elements 


h     m       8 
9    58    25.0 
+36.5 
9    59    01.5 
9    57    41.6 


+01     19.9 


Decl'n  at  G.  M.  N. 
Hourly  diff.: -0*01 
Time  from  G.  M.  N.: 

+9.9 
Corr'n:  (+9.9)(-0.01) 

Decl'n  at  obs'n 


24    33.7 

39    47.1 

113    23.7 


177 

88 


44.5 
52.2 


64     18.5 


True  A 
P 

28 
8 

(»-« 


Corrections  to  Obs.  Alt. 


Log  sec  ^ 
Log  esc  p 


Log  cos  8 

Log  sin  (8'h) 
Log  sin'  it 


Semi-diameter 
Refraction  and  Par. 
Dip  of  horizon 
Index  corr'n 
Eccentricity 


-2.1 
-3.5 
+2.5 


-3.1 


t 

H.  A.  from  Gr. 

Longitude  in  time 

Longitude  in  arc 

Corr'n  for  ass'd  lat.  (+017) 

(-4.0) 
CJorr'd  ionptude  (West) 


0.11438 
0.03726 


8.29492 
9.95479 


Eq. timeatG.  M.N. 

Hourly  diff. : 

Time  from  G.  M.  N. : 

Corr'n: 

Eq.  time  at  obe'n 


8.40135 

h     tn  8 

1     13  04.1 

1  26  20.6 

2  39  24.7 
39°  51'.2 

-02.8 
39    48.4 


R.  A.  of  star  at  G. 

M.N. 
Hourly  diff.:  -0?41 
Time  from  G.  M.  N. : 

+9^ 
Corr'n:  (+9.9)(-0.41) 

Right  asc'n  at  obs'n 


o  / 

-23    23.6 


-0.1 


-23      23.7 


for  Sun 
obe'ns. 


h    m     8 
18  35  55.9 


-04.1 


18  35  51.8 


Remarks 
Position:  quarter-deck 
Ht.  of  eye:  13  ft.       Horizon:  good 
Wind:  SSW  Bar.:  772  mm. 

Thermometer:  24?4  C. 
Direc.  of  Obj.:  N  162' E 
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If  the  two-etar  observations  are  not  simultaneous^  the  first  observation  is  usually 
referred  to  the  second  by  applying  a  correction  to  altitude  of  the  first.  This  correction, 
expressed  in  minutes  of  arc,  is  equal  to  the  number  of  nautical  miles  run,  multiplied  by 
the  cosine  of  the  angle  between  the  ship's  course  and  the  direction  of  the  first  star.  This 
correction  is  negligible  in  the  specimen  on  the  preceding  page. 

The  adopted  results  derived  from  the  observations  of  the  two  observers  are  latitude 
39^  47.8  N  and  longitude,  39^  48! 8  W,  which  are  entered  on  the  dead-reckoning  sheet 
(Form  42).  The  positions  depending  on  the  dead  reckoning  alone  may  then  be  adjusted 
for  the  day,  as  has  been  described.   The  final  values  are  used  to  the  nearest  minute. 

It  is  realized  that  the  discrepancies  between  the  dead-reckoned  and  the  astronomic 
positions  may  be  owing  to  causes  that  do  not  operate  uniformly  over  the  time  during  which 
the  errors  are  distributed,  and  that  the  discrepancies  are  also  partly  because  of  observa- 
tional errors.  But  in  the  absence  of  information  to  the  contrary,  the  assumptions  of 
observational  errors  and  of  uniform  changes  are  the  only  ones  admissible.  The  specimens 
have  been  selected  at  random  and  represent  usual  conditions.  Larger  discrepancies  are 
often  found  which  are  ascribed,  in  most  cases,  to  the  effects  of  ocean  currents. 

AccuRACT  OF  Positions  at  Sea. 

The  remarks  on  this  matter  in  connection  with  the  Galilee  work  (see  page  59)  apply 
likewise  to  the  Carnegie  work.    With  slight  modifications,  they  are  repeated  here. 

Accuracy  of  geographic  positions  is  dependent  on  so  many  factors  that  it  is  quite 
imposdble  to  define  it  by  exact  figures  based  on  any  one  investigation  of  numerical  results. 
The  first  consideration  would  natiirally  be  the  magnitude  of  the  probable  error  of  the 
measured  altitudes,  and  if  the  observation  were  a  meridional  one,  this  probable  error  would 
be  the  probable  error  of  the  resultant  latitude  at  the  instant  of  observation.  But  as  it 
rarely  happens  that  this  instant  corresponds  to  the  time  of  a  magnetic  observation,  the 
observed  latitude  must  be  altered  by  a  quantity  which  depends  upon  the  run  of  the  ship 
between  observed  latitude  and  the  place  of  the  magnetic  observations. 

The  error  in  run  may  be  controlled  by  the  astronomic  observations  immediately  pre- 
ceding and  following  the  magnetic  observations.  This  procedure  is,  in  fact,  the  method 
employed  in  the  ocean  work.  But  in  attempting  to  assign  limits  of  accuracy  we  are  again 
confronted  with  the  error  in  this  control  which  depends  upon  the  stability  of  the  speed  and 
direction  of  the  ocean  currents,  the  constancy  of  the  leeway,  steering,  and  error  of  the  log. 
Again,  if  the  observed  Sun  or  star  be  east  or  west  of  the  meridian,  there  is  an  additional 
uncertainty  introduced  by  the  unknown  error  in  the  assumed  chronometer  rate.  This 
error,  however,  is  very  small  in  the  case  of  our  work,  since  it  is  controlled  by  time  comparisons 
at  every  port  available  for  the  purpose,  and  is  distributed  back  when  appreciable.  An 
investigation  of  some  of  the  determinations  of  ship's  position  by  simultaneous  observations 
on  three  stars  indicates  that,  if  the  Sim  or  star  be  favorably  situated  and  the  weather  and 
sea  conditions  are  fair,  the  average  error  to  be  expected  in  the  determination  of  geographic 
position  is  less  than  2  miles.  The  error  in  the  control  of  the  "error  of  run"  is  usually  insig- 
nificant if  the  controlling  astronomic  observations  are  not  more  than  6  hours  apart.  This 
has  usually  been  the  case  in  our  observations,  except  in  high  latitudes,  where  fog  and  clouds 
prevail.  Of  course,  there  are  exceptional  times  when  no  astronomic  observations  are 
possible  for  several  days.  The  geographic  positions  for  the  results  of  magnetic  inclina- 
tion and  intensity  are  then  more  or  less  imcertain.  In  the  case  of  results  of  magnetic 
declination,  however,  the  Sun  or  star  that  serves  for  the  magnetic  observations  usually 
permits  of  at  least  a  fairly  good  determination  of  position. 


REDUCTION  FORMUUE  AND  DETERMINATION  OF  CONSTANTS. 

REDUCTIONS  TO  STANDARD  INSTRUMENTSl 

The  extensive  interarnqMuiacMiB  (d  magnetae  instnimentB  at  WadungUm,  in 
the  fields  and  at  magnetic  observatories  in  all  parts  of  the  Eaith,  eairied  out  by 
the  DqMutment  cl  Terrestrial  Magnetism,  have  made  it  possiMe  to  refer  aD  its 
data  to  intemati<Hial  magn^ic  standards  within  an  encr,  in  general,  <m  the  wder 
ci  the  observaticHial  enxH*  (see  Volume  11,  pp.  211-278).  Since  the  adcqited  otm- 
stants  for  the  sea  instruments,  as  explained  in  the  subsequent  paragraphs,  were 
made  todq)end  upon  the  standardisation  data  at  shore  stations  (see  19. 296-309), 
the  results  derived  from  the  magnetic  obeervaticns  on  board  the  Carnegie  are  on 
the  basis  of  the  adcqyted  magnetic  standards. 

MAGBivnc  Stambabds  Adopted. 

The  magnetic  standards  adopted  for  reduction  to  a  ccMnuKm  basis  <tf  the 
results  amtained  in  the  present  volume  are  the  so-caDed  "C.  I.  W.  Standards,"  as 
defined  in  Vohune  I  (p.  42)  and  II  (p.  16).  These  ''C.  I.  W.  Standards"  are: 
In  decKnatimi,  C.  I.  W.  magnetraneter  3  without  ccmnecticm;  in  horiacmtal  intensity, 
C.  I.  W.  magnetometer  3  with  a  correction  (rf  +0.00015J7  amdied  to  observed 
values  <tf  the  horisontal  intensity,  ff,  computed  by  the  constants  given  fcnr  magnet- 
ometer 3  in  Table  62,  page  253;  in  inclinaticm,  earth  inductcx'  48  with  a  ccxiecticm 
of  ^VJb  ai^died  to  obeo-ved  values  ot  inclination,  A  detailed  discussicu  of  the 
rdations  between  the  ''C.  I.  W.  Standards"  and  possible  "Intematicmal  Magnetic 
Standards"  is  given  in  Volume  n  (pp.  270-278).  It  is  shown  there  that  the  cor- 
rections {A  the  originally  selected  standards  are  so  small  as  to  be  nej^Hgihle  hare. 
Aeocndin^,  the  values  of  the  magnetic  dements,  given  in  the  Tables  cf  ResuUs  an 
pages  261-909 ,  may  he  regarded  as  based  on  "International  Magnetic  Standards.*^ 

CONSTAhfTS  AND  CORRECTIONS  FX)R  SEA  INSTRUMENTSl 

The  instrumental  constants  and  corrections  on  standards  (above)  of  the  sea  instm- 
mentB  used  in  the  Carnegie  work  were  determined  at  Washington  and  at  the  various  ports 
visited  by  comparisons  with  standardized  land-instruments.  The  method  adopted  in  the 
eampariscms  was  generally  that  of  simultaneous  observations.  In  order  to  refer  values  of 
the  magnetic  elements  at  one  observing  station  to  any  of  the  others,  station  differoices  w^se 
carefully  determined  at  each  port  from  observations  with  the  land  instrumoits,  following 
the  methods  described  in  Volume  I  (pp.  19,  20). 

Declination  Observations. 

Marine  eoOimatingcompass. — ^The  marine  collimating-compasB,  designed  and  con- 
structed by  the  Dqiartmait  of  Terrestrial  Magnetism^  has  been  used  as  the  standard 
dedinaticHi-instrument  for  the  Carnegie  work.  Description  of  the  compass,  its  thecHy,  and 
explanation  of  its  use,  win  be  found  on  psges  177-190.  Specimen  observations  and  computa- 
ucMis  for  a  sea  station  are  gnren  on  pages  213-215.  The  introduction  of  the  coffimating 
princq)le  has  facilitated  the  control  of  instrum^ital  constants,  so  that  in  the  fidd  only 
two  have  to  be  determined  for  each  scale,  viz,  (1)  the  magnetic-axis  and  index  error, 
^4c.  and  (2)  the  elevation,  m.  The  constants  can  be  determined  at  shore  stations  with  an 
accuracy  much  greater  than  that  for  declination  determinations  at  sea,  and  aie,  furtho- 
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more,  susoeptibk  ci  accurate  adjustment  by  the  method  of  least  squares  (see  pp.  185-189). 
For  qpedmen  determinations  of  constants,  see  page  186. 

Revobfing^ampoBS  pattern  of  sea  deflector. — ^The  improved  sea-deflector,  designed  and 
constructed  by  the  Department  of  Terrestrial  Magnetism,  has  heea  used  as  an  auxiliary 
declination-instrument  on  board  the  Carnegie.  For  descriptions  of  the  various  forms  of  the 
inttrument  and  explanation  of  its  use,  see  pages  190-195.  Specimen  observations  and  com- 
putations for  a  sea  station  are  given  on  pages  215-218.  The  piu-ely  instrumental  corrections 
arise  from  (1)  card-graduation  errors  and  eccentricity  of  card  mounting;  (2)  magnetic-axis 
and  index  error;  (3)  lack  of  correct  adjustment  of  the  sighting  vanes  attached  to  the  bowl. 
Gaid-graduation  errors,  €,  were  determined  at  shore  stations  by  observing  the  magnetic 
amnuths  of  series  of  marks  in  the  horizon,  t.  e.,  at  an  altitude  practically  0^,  the  marks 
being  selected  to  ^ve  as  nearly  equal  angular  distribution  as  possible.  The  magnetic 
Mimuths  were  controlled  by  simultaneous  declination  observations  with  a  standardized 
magnetometer  at  a  second  station.  For  deflector  3  the  card-graduation  and  eccentricity 
CRon  are  small  (see  p.  235),  while  for  deflector  4  they  are  entirely  negligible.  The  correc- 
tions, Ate  for  the  ''bright-line"  method  and  A^  for  the  ''shadow"  method,  both  include 
eoirections  for  the  second  and  third  classes  of  errors  above ;  they  may  vary  with  the  altitude 
of  the  object  sighted  upon.  The  data  for  the  establishment,  by  graphical  means,  of  a 
curve  representing  the  variation  with  change  in  altitude,  were  secured  at  shore  stations 
bom  series  of  declination  observations  on  the  Sun.    The  absolute  values  of  the  declination 

from  simultaneous  observations  with  the  standardized  magnetometer. 


The  total  correction  to  the  card  reading,  depending  upon  the  sighting  method  used,  is 
€+A^  or  €+A^ 

Each  ct  the  terms  making  up  the  total  correction  to  the  observed  card  reading,  viz,  €, 
and  A%g  or  Am,  is  given  separately  in  this  volume  for  each  deflector.  The  signs  attached 
are  in  the  sense  of  continuous  graduation  from  the  south  point  as  0^  through  360^  in  a 
clockwise  direction.  Accordingly,  all  card-readings  in  the  southwest  and  northeast  quad- 
rants, that  is,  all  readings  from  S  to  S  90"^  W(or  W)and  from  N  to  N  90""  E  (or  E),must 
be  numerically  increased  when  the  sign  given  for  e,  A^,  or  A«,  is  plus  (+)  and  vice  versa; 
an  card-readings  in  the  other  two  quadrants  must  be  numerically  decreased  when  the  sign 
given  for  c,  A^  or  A»  is  plus  (+)f  and  vice  versa. 

Specimen  observations  and  computations  to  determine  the  change  in  A^  with  altitude 
are  given  on  page  234. 

Marine  eolUrnating^ompciss  1  {CI). — ^Marine  coUimating-compass  1,  designed  and 
eonstructed  by  the  Department  of  Terrestrial  Magnetism,  was  used  on  the  Carnegie  from 
September  1909  to  October  1916.  Dming  April  to  May  1914,  before  Cruise  III,  the 
instrument  was  thoroughly  overhauled  and  repaired. 

The  adopted  constants,  resulting  from  least-square  adjustments  of  all  available  data, 
are  pven  in  Table  52.  Specimen  observations  for  the  detennination  of  constants  are  given 
on  page  186. 

jSEea  defiector  S  {DS). — ^The  adopted  periodic  corrections  to  observed  card-readings  of 
the  compass  of  D3,  used  on  Cruises  I  and  II  (as  far  as  Cape  Town,  March  1911),  are  given 
mTableSS. 

The  adopted  correction,  A«e,  to  observed  card-readings  by  the  "shadow"  method  is 
for  all  altitudes: 

Am  «  +0?09  from  August  1909  to  September  1910 
A»  «  -0.06  from  October  1910  to  March  1911 

Hie  adopted  ccuTections,  A^,  to  observed  card-readings  by  the  "bright-line"  method, 
deduced  from  a  graphical  adjustment  of  all  available  data,  vary  with  the  Sun's  altitude, 
and  are  given  in  TMb  54. 
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Specimen  Decihiaium  Obsenntions  f^^ 

Ober:  BL  F.  J. 


Slaiitm:  A,  Suva  Vou,  Fiji 
Inairwmenl:  Sea  Deflector  4 


DaU:  Wed.,  June  12, 1912,  P.  M. 
CknmW:  No.  13733 


Method:  BrigiitLiiie 

No.  of 
Reading 

Setl 

Setn 

Rwiiariis 

Chran'r 
Time 

Caid 
Reading 

Chran'r 
Time 

Gbtfd 
Reading 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Means 

h    m     9 
4    08    00 

08  30 

09  00 

09  30 

10  00 
13    00 

13  30 

14  00 

14  30 

15  00 

• 

292.75 
2.75 
2.75 
2.70 
2.70 
2.30 
2.10 
2.05 
2.05 
2.00 

h    m      $ 
4    18    00 

18  30 

19  00 

19  30 

20  00 
23    00 

23  30 

24  00 

24  30 

25  00 

o 

291.50 
1.55 
1.50 
1.50 
1.45 
1.00 
1.00 
0.95 
0.95 
0.90 

Magnetic  artideB  icmoved:  Tee 

Chronometer  Comparisons 

Stan.  Chron. 
Stan.  Qiron.  CofT. 
G.  M.  T. 
Equation  of  Time 
G.  A.  T. 
IxMigitode 
L.  A.  T. 
Oiron.  13733 

13733  on  L.  A.  T. 

Before 

After 

4    11    30 

292.42 

4    21    30 

291.23 

h     m      M 

20    19    03 

-2    52 

20    16    11 

+0    29 

20    16    40 

11    53    40 

8    10    20 

20    21    20 

k     m      s 

6    30    15 

-2    52 

6    27    23 

+0    29 

6    27    52 

11    53    40 

18    21    32 

6    32    29 

No. 

Setin 

Set  IV 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Means 

4    26    00 

26  30 

27  00 

27  30 

28  00 

29  00 

29  30 

30  00 

30  30 

31  00 

290.70 
0.75 
0.70 
0.70 
0.60 
0.30 
0.25 
0.15 
0.15 
0.10 

4    32    00 

32  30 

33  00 

33  30 

34  00 

35  00 

35  30 

36  00 

36  30 

37  00 

290.05 
0.(N) 
290.00 
289.95 
9.90 
9.S!} 
9.80 
9.80 
9.75 
9.70 

-12    11    00 

-12    10    57 

Mean  Corr.  13733  on  L.  A.  T. 

-12    10    58 

4    28    30 

290.44 

4    34    30 

289.88 

Sun's  Dedination:  23?14  N 

Specimen  DeUrminaUons  of  Declination  Constant  of  Sea  Deflector 


SUiium:  A,  Sura  Vou,  Fiji 
DaU:  Wed.,  June  12,  1912,  P.  M. 
Instrument:  Sea  Deflector  4 


Lot,:  18*  07n  S 
Sun*s  DeeCn:  23?14  N 


L(mg,:  178*  25M  E 
Ob^n:  H.  F.  J.,  and 
H.  M.  E. 


Set 
No. 

Chronom- 

Local 

Card 

Sun's 

Resulting 

Standard 

Result- 

Sun's 

etei 

■ 

Apparc 

nt 

Reading 

Axi- 

Declina- 

Dby 

ing  Value 

Alti- 

Time 

Time 

StoW 

muth^ 

tion 

Mag'r2* 

Ah 

tude' 

h     m 

« 

k 

m 

s 

o 

o 

o 

o 

e 

o 

I 

4    11 

30 

16 

00 

32 

112.42 

122.90 

+10.48 

+10.42 

+0.06 

18.3 

II 

4    21 

30 

16 

10 

32 

111.23 

121.73 

+10.50 

+10.42 

+0.08 

16.3 

HI 

4    28 

30 

16 

17 

32 

110.44 

120.95 

+10.51 

+10.42 

+0.09 

14.9 

IV 

4    34 

30 

16 

23 

32 

109.88 

120.30 

+10.42 

+10.42 

0.00 

13.6 

V 

4    42 

30 

16 

31 

32 

109.00 

119.47 

+  10.47 

+  10.42 

+0.05 

12.0 

VI 

4    48 

30 

16 

37 

32 

108.46 

118.86 

+10.40 

+10.41 

-0.01 

10.8 

VII 

4    54 

30 

16 

43 

32 

107.90 

118.27 

+10.37 

+10.41 

-0.04 

9.5 

vin 

5    02 

30 

16 

51 

32 

107.04 

117.50 

+10.46 

+10.41 

+0.05 

7.9 

IX 

5    08 

30 

16 

57 

32 

106.54 

116.96 

+10.42 

+10.41 

+0.01 

6.6 

X 

5    14 

30 

17 

03 

32 

106.02 

116.43 

+10.41 

+10.41 

0.00 

5.4 

'Interpolated  for  the  respeetiTe  local  apparent  timet  from  standard  tables  of  Sun's  true  bearing. 

"Simaltaneoiis  determinations  ci  magnetie  declination  were  made  by  Obsorer  H.  M.  Edmonds  at  station  B.    They 
rclsmdtostationAbymeansofthestation-diffflrenoe(A -B)  -  -  1'.  6.  and  then  reduced  to  C.L  W.  Standard  (C.  L  W 
magnetometer  2  «-  +0'.l). 

'Interpolated  for  the  re4>eetive  local  apparent  times  from  standard  tables  of  Son's  altitudes. 
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Tabu  62.— Coiutafilt  c{f  Marim  ColUmaiinft-Campau  Cl. 


CndM 

SoAle 

Matnetto  Aaimuth^ 

Scale  Elevation* 

Scale 
Value 

Deng- 
nation 

Value 

Desic- 
nation 

Value* 

I 
and  < 
II 

g 

UI 

South 
West 
North 
East 

o 

0.37 

00.71 

180.31 

270.62 

e               e 

-0.76  +1.27Z 

+0.60 

+0.03  -1.27Z 

-0.10 

e 

0.08 
1.01 
0.00 
1.02 

South 
Watt 
North 
East 

Am 

360.80 

80.68 

170.87 

260.04 

+0.02  +1.27Z 

+0.16 

+0.17  -1.27Z 

-0.11 

0.08 
1.01 
0.00 
1.02 

*The  magnetic  aaimuths  are  on  the  baaia  of  C.  I.  W.  Standard  and  are  reckoned  oontinuoualy  in  a  clockwise  direction 
fram  the  magnetic  south  as  0^  through  360**. 

'ElsiTatioiis  above  the  horiaon  are  reckoned  as  positive,  and  below  the  horison  as  negative. 

*The  vertical  inteositsr,  Z,  is  eipressud  in  o.  o.  a.  units,  and  is  reckoned  as  positive  for  the  northern  magnetic  hemisphere 
and  negative  for  the  southern  magnetic  hemisphere. 


Tabu  63.— Periodie 

ComOim^ 

(0  Cord  RsadingM  of  Cimpa9%  DS, 

Card 

€ 

Caid 

M, 

Card 

c 

Card 

^ 

Reading 

Reading 

C 

Reading 

c 

Reading 

c 

South 

o 
+0.06 

West 

o 
-0.11 

North 

o 
+0.08 

East 

o 

0.00 

SIO^W 

+0.04 

N8a»W 

-0.12 

N10«E 

+0.00 

SSO'E 

0.00 

S20»W 

+0.02 

N70»W 

-0.13 

N20<*E 

+0.08 

S70»E 

0.00 

S80"W 

0.00 

N60»W 

-0.13 

N30»E 

+0.07 

S60«E 

+0.01 

S40*W 

-0.02 

N60«W 

-0.11 

N40<'E 

+0.06 

S60<'E 

+0.02 

S60»W 

-0.04 

N40»W 

-0.08 

N60»E 

+0.03 

S40<'E 

+0.03 

S60*W 

-0.06 

N30»W 

-0.04 

N60»E 

+0.02 

S30<>E 

+0.06 

S70*W 

-0.07 

N20*»W 

+0.01 

N70«E 

+0.01 

S20<'E 

+0.07 

S80»W 

-0.00 

N  lO^W 

+0.06 

N80»E 

0.00 

SIO^E 

+0.08 

Tablb  54.— Correeltovis  io  (H>9ened  Card-Reading*  cf  CampasM  DShyihe  "Brt^^Ltne"  Method. 


For 
Cndae 

Period 

iiit  for  Sun's  Altitude 

6» 

10» 

16* 

20* 

26« 

80» 

I 

Sept.  1000  to  Feb.  1010 

o 
+0.26 

o 
+0.26 

o 
+0.26 

o 
+0.24 

e 

+0.20 

e 

+0.16 

June  to  Sept.  1010 

+0.26 
+0.11 

+0.26 
+0.11 

+0.26 
+0.11 

+0.24 
+0.00 

+0.20 
+0.06 

+0.16 
+0.00 

Oct.  1010  to  March  1011. . . . 

The  cause  of  the  change  in  the  index  error,  early  in  October  1910,  at  Pinheiro,  is  not 
known. 

Sea  deflector  4  {D4)' — Sea  deflector  4  was  used  on  Cruise  II,  beginning  at  Cape  Town 
in  April  1011.  The  instrument  was  taken  apart  at  Batavia,  Java,  in  October  1011,  to 
refasten  one  of  the  compass  magnets  which  had  become  loose;  it  was  again  taken  apart 
at  Ixmgwood,  St.  Helena,  in  June  1013,  to  remove  an  air  bubble.  The  adjustments  were 
altered  somewhat  at  each  reassembling  of  the  instrument.  There  are  no  periodic  correc- 
tioiis  to  obeerved  card-readings  of  the  compass  D4.  The  ^'shadow''  method  was  not  used 
on  Cruise  II;  however,  it  was  used  occasionally  on  Cruise  III.    The  adopted  corrections. 


236 


OCBAN  MaONBTIC  OBSERVATIONS,   1905-16 


Ate  or  A^y  to  observed  card-readings  by  the  "bright-line  method,"  or  by  the  ''shadow 
method/'  deduced  from  graphical  adjustments  of  all  available  data,  are  given  in  Table  55. 

Tabud  5S,—ComctionB  to  Obterved  Card-Readingi  qf  Compa$$  D4. 


For 
Cniiie 

Period 

A^  for  Sun's  Altitude 

0» 

6« 

10* 

16* 

20* 

26» 

30» 

II 
lU 

III 

f  April  to  Oct.  1911 

o 

+0.02 
+0.46 
-0.07 
+0.08 

0 

+0.02 
+0.47 
+0.01 
+0.08 

o 

+0.02 
+0.62 
+0.09 
+0.08 

o 

+0.02 
+0.69 
+0.17 
+0.08 

e 

+0.02 
+0.09 
+0.26 
+0.08 

o 

+0.02 
+0.81 
+0.33 
+0.08 

o 

+0.02 
+0.94 
+0.41 
+0.08 

Nov.  1011  to  Feb.  1912 

March  1912  to  June  1913. . . . 
July  to  Dec.  1913 

June  to  Oct.  1914 

+0.03 

+0.03 

+0.03 

+0.03 

+0.03 

+0.03 

+0.03 

June  to  Oct.  1914 

Ate  for  Sun's  Altitude 

0» 

6« 

10» 

16» 

20» 

26« 

30" 

o 
+0.46 

o 

+0.26 

o 

+0.18 

o 

+0.17 

e 

+0.19 

o 
+0.20 

+0.21 

HORIZONTAIr-lNTBNSITT  OBSERVATIONS  WITH   SbA   DbFLBCTOR. 

As  stated  on  page  191  and  shown  on  the  specimen  form,  page  217,  the  horizontal 
intensity  is  computed  from  seardeflector  observations  by  the  formula 


H 


mC 
sinti 


in  which  m  is  the  magnetic  moment  of  the  deflecting  magnet,  C  is  a  constant  involving 
the  deflection  distance  r,  the  distribution  coefficients  P  and  Q,  the  induction  factor 
IJi  —  mh  (h  being  the  induction  coefficient  for  the  deflecting  magnet),  and  u  the  observed 
angular  deflection  produced  by  the  deflecting  magnet  when  its  axis  is  perpendicular  to 
that  of  the  compass.  The  sea  deflector  is  a  relative  instrument,  and  values  of  the  so-called 
constant,  mC  =  A^  sin  u,  must  be  determined  from  comparison  horizontal-intensity  obser- 
vations, made  at  shore  stations  with  standardized  absolute  instruments. 

The  constant,  mCf  is  subject  to  changes  arising  from  (1)  decrease  in  m  with  time,  (2) 
effects  of  temperature  variations  on  m  and  r,  and  (3)  effects  of  change  in  vertical  intensity, 
Z.  In  the  Carnegie  work  all  available  data  for  log  mC,  except  as  noted  below  imder  the 
constants  for  deflector  3,  were  subject  to  least-square  adjustment  based  on  the  general 
form 

log  mC  =  log  mCto  aXro  +  tAr  +  y  {z  -  Z)^  +  q  (20''-  t) 

in  which  r  is  the  date  of  observation  expressed  in  years,  tq  is  the  selected  reference  date 
At  is  (r  —  To)  1 9  is  the  factor  representing  the  combined  effect  of  a  change  in  temperature 
of  1^  centi^ude  on  m  and  C  (on  the  latter  because  of  the  change  in  r),  and  t  is  the 
temperature  of  observation;  the  standard  temperature  of  reference  is  Wl^  centigrade. 
Instead  of  deriving  all  the  unknowns  simultaneously  it  is  found  better  to  make  a  separate 
determination  of  the  temperature  factor,  g,  selecting  the  observations  best  suited  for  that 
purpose.  The  final  results  were  arrived  at  by  a  process  of  successive  approximations,  in 
the  last  steps  of  which  q  was  treated  as  a  constant.  Specimen  determinations  of  mC  at  a 
shore  station,  and  a  table  showing  the  observed  and  adjusted  values  of  that  constant  for 
deflector  4  on  Cruise  II,  are  given  on  pages  240  and  241. 
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S  (D8).-6m  ddbelor  8  of  Iht 
bjr  Um  DffMrtniMl  ol  Twrvtral  NUiMtin.  ^  6mtrib&d  on  p^iM  19i  uid  199 
oQpUl«12.  riipirel.    It  wMiuvdooOuini  I  and  II  (MfarMr«|» 
1911).    Whop  Um  raanm  foUowwl  during  Ihki  pmnd  wcrv  Mch  that  tlw> 
)r  prartkmlly  vmriMi  uniformly  with  the  thn^.  hftw^p  mmnHivp  ihafv 
of  mC.  m  tjmfhkwl  odjitftmHit  of  the  arailahle  daU.  rvferrod  to  the  irtandaid 
TBT  etntiicrade,  waa  found  to  pve.  with  oullident  aeeurarjr,  the  vahae  of 
for  each  maicnet  and  dietanee  at  any  time.    The  temperature  faetora 
ae  o^ilatned  ahmT.     An  eiaminatioQ  of  the  data  indicated  that  there 

rrectiaoe  to  loi  wU\  ae  wae  the  oaee  for  the  leei  aecumtely  made  deflertore  1 

in  the  maipietie  work  on  the  GaliUe. 

melanU  adopted  on  the  haw  of  i\  I.  W.  Standard  (aee  p.  232)  are  given  hy  the 

equatiune,  which  are  to  be  ueed  in  connection  with  the  valuee  of  lug  mi*  at  30* 

adopted  fmm  the  graphieal  adjuetmenta,  and  giren  in  Table  56  for  different 


Magnet  4A       log  air 
Magnet  2L      log  mC 


log  iii(*  at  30*  for  r  +0  00036  (30*  - 1) 

log  air  at  30*  for  r+0  00014  (30**0 


1911 


8m  4fffK^m  4.-  8ea  dcdertor  4  of  the  revuli<ng-<wnpaei  pattcra,  with  ai 

lU  on  deflector  3  in  mechanical  detail,  d— ignrd  and  eoMlnicted  by  the  Depart- 
elTerrwlrial  Magnetim.  ie  ileerrihed  on  pagee  192 and  198  and  ilhiftrmted  by  Figufia 
%%^  PkU  13.  It  wae  laed  on  (^ruMe  II  (fmm  April  191 1).  III.  and  IV .  duhi«  Apeil  and 
Mgf  1914.  preceding  l^ntiae  III.  it  wae  thoroughly  o\-crhauled  and  repaired.  A  rfight  Wak 
in  the  inner  lining  of  the  bowl  during  Ouiw  II.  and  again  durii^  Owiae  IV. 
dU  not  affect  the  btenaty  eonetanta.    It  appean  that  eome  change,  of  unknown 

m  magnM  45  juet  before  the  ramparieon  oheyrationa  at  .\atipQlo  in 
1912:  that  the  change  occurred  at  Antipolo  ie  home  out  by  eomparieona  of  the 
of  If  before  and  after  thie  etation.  obtained  eeparately  from  obevrationa  with 
45and2L 

KMlante  for  Ouke  II  from  .\pra  1911.  on  the  bMb  of  C.  I.  W.  Sinndaid 
pL  aZ).  wiihing  from  leaet  egnare  adjuelmenta  of  aD  the  availahle  dala»  are  0«un  in 
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Table  57.  An  examination  of  the  data  showed  that  there  were  no  periodic  corrections  to 
log  mCf  as  was  the  case  for  the  deflectors  1  and  2,  used  in  the  Galilee  work.  In  the  table, 
At- (r- 1911.24). 

Table  57. — IntentUy  ConstanU  of  Sea  Deflector  4,  for  Cruiee  11. 


Period 

Deflecting 
Magnet^ 

Deflection 
Distanced 

Logarithms  of  the  Intensity  Constant 

Mar.  1911  to  Feb.  1012... 
Mar.  1912  to  Dec.  1913. . . 
Mar.  1911  to  Deo.  1913..  . 

1      ^ 

i       46 
I       2L 
1       2L 

1 
3 

1 
3 
1 
3 

\mC  -9.06806  +0.00100Ar  +0.03330(  -0.140  -Z)*  +0.00026(20  -i) 
JmC  -8.93120  +0.00168Ar  +0.061 10(  -0. 140  -Z)«  +0.00026(20  -0 
\mC  -9.06646  +0.00012Ar  +0.00267(+0.322  -Z)*  +0.00026(20  -C) 
JmC  -8.92947  ~0.00003Ar  +0.00340( +0. 174  -Z)* +0.00026(20  -t) 
\mC  -8.98478  -0.00116At  +0.00837(+0.072  -Z)» +0.00014(20  -0 
jmC  -8.86821  -0.00108Ar  +0.00797  (+0.076  -Z)«  +0.00014(20  -0 

*  Magnet  3  was  not  used  at  sea. 


'Deflection  distances  1  and  3  only  were  used  at  sea. 


The  constants  adopted  on  the  basis  of  C.  I.  W.  standard  (see  p.  232)  for  sea  deflector 
4  during  Cruise  III  are  given  by  the  following  equations : 

Magnet  45  log  mC = log  mC  at  20"^  for  r +0.00026  (20*^-0 
Magnet  2L  log  mC = log  mC  at  20^  for  r +0.00014  (20^-0 
Magnet  3      log  mC=log  mC  at  20^  for  r+0. 00025  (2O'*-0 

The  values  of  log  mC  at  20^  centigrade  and  for  the  time  r,  are  taken  from  Table  58, 
which  was  constructed  from  the  time  graphs  actually  used  in  the  final  reduction  of  the 
observations.  The  range  in  the  values  of  Z  for  this  cruise  was  very  small,  and  there  was 
no  indication  that  the  results  would  be  improved  by  such  an  adjustment  as  was  made 
for  Cruise  II. 

Table  SS.—LogarWtnu  of  the  Intensily  Conetante  at  W  Centigrade  of  Sea  Defleetor  4,  for  Cruiee  III, 


Magnet  45  Distance 

Magnet  2L  Distance 

Magnet  3  Distance 

Date 

r 

Shore 
Station 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1914.38 

9.0560 

8.9912 

8.9297 

8.8759 

8.9821 

8.9174 

8.8559 

8.8020 

8.7080 

8.6445 

8.5810 

8.5286 

Washington 

.40 

61 

13 

296 

59 

22 

75 

60 

21 

80 

46 

12 

86 

.45 

65 

14 

294 

59 

23 

77 

62 

23 

81 

47 

18 

86 

.50 

69 

16 

292 

59 

24 

80 

63 

26 

82 

49 

24 

85 

.54 

71 

17 

290 

59 

25 

82 

65 

28 

83 

50 

28 

85 

.55 

72 

17 

291 

59 

26 

83 

66 

29 

84 

50 

28 

85 

.60 

73 

17 

295 

61 

30 

86 

70 

32 

88 

51 

29 

88 

.65 

74 

17 

299 

62 

35 

90 

74 

35 

93 

51 

30 

90 

.67 

74 

17 

301 

63 

36 

91 

75 

36 

94 

52 

30 

91 

Reykjavik 

.70 

73 

16 

301 

63 

36 

92 

75 

37 

95 

53 

28 

91 

.75 

70 

15 

300 

65 

35 

92 

73 

39 

96 

55 

24 

90 

.80 

65 

13 

300 

66 

34 

92 

72 

41 

97 

58 

21 

89 

.85 

58 

11 

300 

68 

33 

93 

71 

43 

98 

60 

17 

88 

.86 

56 

11 

300 

68 

32 

93 

71 

43 

98 

61 

16 

88 

Washington 

Discussion  of  changes  in  intensity  constants  of  sea  deflector. — As  already  stated  (see  p. 
236),  the  intensity  constant,  mC  =  Hemu,  is  subject  to  change^  because  of  (1)  the  effect 
of  change  in  the  temperature,  ty  both  on  the  magnetic  moment,  m,  and  on  the  deflection 
distance,  r;  (2)  the  effect  arising  from  the  aging  of  the  deflecting  magnet  and  the  conse- 
quent time-change  in  m;  and  (3)  the  effect  due  to  change  in  the  vertical  intensity,  Z. 

^It  is  assumed  that  possible  changes  in  the  distribution  coefficients,  P  and  Q,  for  the  deflecting  and  compass  magnets, 
and  in  the  induction  factor  /i  (m  ■■  fnh,  where  h  is  the  induction  coefficient  for  the  deflecting  magnet),  are  so  small  as  to  be 
negligible  for  work  at 
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The  first  effect  (1)  may  be  expressed  by  the  introduction  of  a  temperature  factor  q  in 
a  tenn  of  the  form  qAl,  The  factor  q  may  be  determined  from  shore  observations  by 
adeeting  those  best  suited,  t.  e.,  those  made  at  stations  where  the  range  in  temperature 
during  observations  has  been  laige,  and  for  which  magnetic  conditions  were  normal.  The 
sqMurate  determinations  of  q  from  various  shore  observations  must  be  weighted  according 
to  the  mean  range  of  temperature  from  which  each  is  deduced;  it  may  also  be  necessary 
to  weight  values  somewhat  according  to  the  magnetic  conditions  at  the  station  concerned. 
Every  precaution  must  be  taken,  of  course,  to  guard  against  sudden  or  irr^ular  tempera- 
ture changes  during  observations  to  determine  constants  at  shore  stations. 

The  second  effect  (2)  may  be  expressed  satisfactorily,  at  least  for  wellHseasoned  mag- 
nets, by  a  term  involving  the  first  power  of  the  difference  in  time  from  some  selected  epoch, 
r«y  and  an  aging  coefficient  x,  thus:  x  (r  —  ro),  or  xAr. 

The  third  effect  (3)  is  more  complex.  There  is  a  value  of  the  vertical  intensity,  desig- 
nated Zf  for  which  the  magnetic  field  of  the  compass  system  of  magnets,  tilted  about  the 
pivot  support  by  the  action  of  Z,  is  symmetrically  disposed  with  reference  to  the  field  of 
the  deflecting  magnet.  Any  departure  of  the  magnet  system  from  this  balanced  position, 
such  as  occurs  when  the  instnunent  is  at  a  station  for  which  the  value  of  Z  is  different 
from  2,  always  increases  the  constant  mC.  This  is  shown  by  examination  of  the  deflector 
intensity-constants  on  Cruises  I  to  IV,  for  each  magnet  and  for  each  distance  used.  The 
third  effect  (3)  may,  accordingly,  be  expressed  by  a  squared  term,  involving  the  unknown 
f,  as  defined  above,  and  multipUed  by  a  vertical-intensity  factor  y,  thus:  y  {z  —  Zy. 

It  appears,  therefore,  that  the  variable  intensity-constants  for  the  deflector  may  be 
eq^iressed  by  the  general  formula 


log  mC  =  M?  +  asAr  +  !/(«  —  Z)'  +  gAt 


in  which  w  represents  the  value  of  log  mC  at  a  standard  temperatiue,  t«,  for  an  epoch,  ro, 
at  a^place  where  the  vertical  intensity  is  z;  and  in  which  At  is  (^  —  t),  <  being  the  tempera- 
ture of  observation. 

To  obtain  data  for  the  determination  of  the  intensity  constants  and  their  changes, 
observations  of  intensity  with  the  sea  deflector  are  made  at  every  port  for  each  deflecting 
magnet  and  each  deflection  distance.  Simultaneous  determinations  of  intensity  are  always 
obtained  with  a  standardized  magnetometer  at  an  auxiliary  station;  the  correction  for 
the  difference  in  intensity  between  the  two  stations  is  determined  by  simultaneous  mag- 
netometer observations,  involving  exchange  of  station  in  accordance  with  the  usual  practice 
(see  Vol.  I,  p.  219).  The  deflector  observations  are  always  made  for  four  different  orien- 
tations of  the  bearhig  ring,  to  eliminate  and  determine  possible  periodic  effects.  The  scheme 
of  observation  followed  is  similar  to  that  used  on  board  ship  (see  p.  194). 

On  page  240  are  ^ven  specimen  horizontal-intensity  observations  with  sea  deflector  4 
at  the  shore  station  Suva  You,  A,  Fiji,  for  the  deflecting  magnet  45  at  deflection  distances 
1  and  3  and  for  the  orientation  0^,  together  with  an  abstract  of  all  the  results  and  compu- 
tations of  log  mCt  at  the  same  station,  for  both  deflecting  magnets  45  and  2L  at  deflection 
distances  1  and  3.  Observations  to  determine  log  mC  for  magnet  2L  at  distances  1  and  3 
for  orientation  0^,  corresponding  to  those  given  in  the  specimen  for  magnet  45,  were  made 
between  chronometer  times  3''  22"  and  4**  02"  and  3**  31"  and  3''  53",  respectively;  those 
determinations  thus  apply  to  practically  the  same  mean  time  as  the  determinations  with 
magnet  45.    The  same  order  of  observation  is  followed  for  each  orientation. 
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Specimen  Htnigmtal-IfUeiuUy  Obeervatione  wUh  Sea  IkdUdar  ai  Shan  SUtiion 


Station:  A,  Suva  Vou,  Fiji 
Ifutrumenl:  Deflector  No.  4 


DaU:  TuM.,  June  11, 1912 

Mark:  Flagptaff  oq  lower  lii^ithoaR 


Ob^r:  H.  F^J. 
Cknm'r:  13738 


Onentation 
Magnet;  Set 

Distance 

North  End  of  Magnet 

Sight  Line 

Vernier  A  reads 

Sight  Line 

Vernier  B  reads 

Mean  Vernier  Reading 

Mean  Reading  (U  and  L) 
Mean  2u 
Mean  u 

Magnetic  meridian 

0^ 

0* 

Magnet  45;  Set  I 

Magnet  45;  Set  n 

Ul 

LI 

LI 

Ul 

U3 

L3 

L3 

U3 

E 

E 

W 

W 

W 

W 

E 

E 

L2tol80' 

L2to0* 

L2to0* 

L2tol80* 

124?21 

125?50 

265?87 

267?02 

271?72 

271?11 

120r30 

119?50 

L2to0** 

L2tol80" 

L2tol80*' 

L2to0* 

124?10 

125?21 

265?92 

267?12 

271  ?82 

271?11 

120?28 

119?32 

124.16 

125.36 

265.90 

267.07 

271.77 

271.11 

120.29 

119.41 

124.76 
38.28 
19.14 

86.48 

91.44 
28.41 
14.20 

119.85 

105.62 

105.64 

Chronometer  time 
Marie  reads  on  card 
Marie  reads  on  circle 

k    m 

2    50 

299?85 

345.95 

Vernier  A 

k    m 

4    34 

299?90 

165.88 

Vernier  B 

Remar 

Corr'n  of  Chron'r  13733  oi 

Magnetic  articles  were  rem< 

tent  More  beginning  obfl 

ks 

iL.M.T.  is  -12M1- 
>ved  from  observer  and 
lenraiiona 

Setl 

Setn 

Time 

Temp 

Time 

Temp. 

Beginning 
Ending 

h     m 
2    52 
4    22 

24.1 
22.7 

h     m 

3  07 

4  11 

•c 

28.0 

22.8 

Means 
Corr'n  1373 
L.  M.  T. 

3 

3    37 

-12    11 

15    26 

23.4 

3    39 

-12    11 

15    28 

22.9 

Specimen  Determinaiians  of  Intensity  ConeUmt  of  Sea-Deflector 


SUUian:  A,  Suva  Vou,  Fiji 
Instrument:  Deflector  No.  4 


Date:  June  11, 12,  1912 


Obt^r:  R.  F.  J. 


Date 

Obeerved  Deflection-Angle,  u 

InteDBity^ 
C.  I.  W. 
Standard 

Ori- 
enta- 
tion 

Local 
Mean 
Time 

Magnet  45 

Magnet  2L 

Distance  1 

Distance  3 

Distance  1 

Distance  3 

t 

u 

t 

u 

i 

u 

t 

u 

1912 

June  11 

12 

12 

12 

Means 

o 

0 

90 

180 

270 

h 
15.4 
11.4 
13.6 
15.0 

23.4 
24.8 
25.4 
26.9 

o 

19.14 
19.08 
19.08 
19.08 

22.9 
24.7 
25.6 
26.6 

o 

14.20 
14.16 
14.17 
14.13 

22.9 
24.4 
26.0 
26.8 

o 

16.14 
16.07 
16.11 
16.09 

•c 

22.9 
24.6 
25.6 
26.4 

e 

12.03 
11.89 
11.96 
11.98 

eg.  8. 
0.34703 
.34741 
.34711 
.34720 

25.12 

19.095 

24.95 

14.165 

25.02 

16.102 

24.88 

11.965 

0.34719 

Log  sin  u 
Log/f 
Log  mCt 
Log  mC 

Rnrved  i 

at  mean 
!,  25?0* 

ob- 

9.51473 
9.54057 
9.05530 

9.05533 

9.38866 
9.54057 
8.92923 

8.92922 

9.44302 
9.54057 
8.98359 

8.98359 

9.31663 
9.54057 
8.85720 

8.85718 

^The  simultaneous  horisontal-intensity  observations  with  magnetometer -2,  reduced  to  C.  I.  W.  Standard, 
station  Suva  Vou,  B,  and  were  referred  to  station  Suva  Vou,  A,  by  means  of  the  station-differenee  (A  '-  B) 
c.  0.  8.  unit,  detennined  from  magnetometer  eomparisona 

*Using  the  temperature-faoior  values  0.00026  and  0.00014:  or  magnets  45  and  2L,  respeetavely. 


made  at 
+a00061 
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Table  59  gives  a  condensed  summary  of  the  observed  and  computed  data  for  the 
adopted  intensity-constants  of  sea  deflector  4,  used  on  Cruise  II  during  April  1911  to 
Deeember  1918.  This  table  is  typical  of  the  reductions  made  for  each  deflecting  needle 
and  each  deflection  distance  for  the  separate  cruises. 


Tabu  &li.--In»mmi^  Cm^ianU  €/ 8m  D^IUelar  4,  I>eimfdn§d  at  Sh^ 


Sution 


Ohm  Town,  D 

ColoiiibOtB 

MMinuui^ 

Ooloaibo,iiMKiB... 
BatoYia^ 

Antipolo.  B  Mid  C*  . . 

Sura  Von,  ii 

« 

A  '/.'.'..... 
Port  SUnley,  B  And  C 

Jaboni,  B  and  C 

Looswood,^  B  and  C 

Fybnoatli,B 

C 


Dat« 


1011.34 
1911.45 
1911.60 
1911.70 
1911.84 

1912.11 
1912.44 
1912.72 
1912.91 
1913.12 
1913.33 
1913.49 
1913.71 
1914.04 


MaciMtto  Elflmtnto 


e.  g.  f . 
0.170 
0.382 
0.233 
0.381 
0.367 

0.382 
0.347 
0.339 
0.267 
0.266 
0.265 
0.218 
0.188 
0.102 


-60.0 

-  4.6 
-54.5 

-  4.6 
-31.3 

+16.2 
-38.5 
-29.6 
-35.5 
-46.9 

-  2.4 
-37.2 
+66.5 
+70.9 


c  g.  t. 
-0.804 
-0.031 
-0.322 
-0.030 
-0.224 

+0.111 
-0.278 
-0.193 
-0.190 
-0.273 
-0.011 
-0.166 
+0.432 
+0.555 


Logarithms  of  Int«niity  Constant  mC 


ObMnrad  Valnst  at  Tempsrature,  t 


Magnet  45 


•C 
21.2 
30.4 
24.5 
30.8 
29.2 

29.9 
25.0 
26.5 
18.5 
13.1 
27.6 
19.0 
16.7 
9.0 


Distance 


9.06864 
9.05596 
9.05835 
9.05622 
9.05648 


9.05291 
9.05533 
9.05464 
9.05681 
9.05837 
9.05414 
9.05628 
9.05695 
9.05858 


3 


8.93230 
8.92938 
8.93225 
8.92993 
8.93012 


8.92653 
8.92922 
8.92828 
8.93051 
8.93165 
8.92780 
8.92974 
8.93082 
8.93240 


Magnet  2L 


•C 
22.4 
30.5 
24.5 
30.3 
29.1 

20.0 
25.0 
26.5 
18.4 
13.2 
27.8 
18.9 
17.0 
9.1 


Distanoe 


8.98572 
8.98382 
8.98494 
8.98263 
8.98320 

8.98229 
8.98359 
8.98221 
8.98404 
8.98505 
8.98116 
8.98283 
8.98351 
8.98499 


3 


8.86949 

8.85671 
8.85813 
8.85669 
8.85664 

8.85575 
8.85718 
8.85590 
8.85689 
8.85867 
8.85489 
8.85652 
8.85719 
8.85835 


Station 


Date 


Logarithms  of  Inteositgr  Constant  mC^ 


Compated  Valnei^  at  Temperature  f 


Magnet  45  Distanoe 


3 


Magnet  2L  Distanoe 


3 


Logarithm  DifFerenoee  (Obserred 
Blinns  Computed) 


Magnet  45  Distanoe 


3 


Magnet  2L  Distance 


Gape  Town,  D 

Ookmbo*  B 

ItauritttH^ 

Colooibo,  A  and  B 

BatoTla^ 

Antipolo,  B  and  C* 

8vra  Von,  A 

P)H)eet«^ 

Coronel,  A 

Fort  SlMdiy,  B  and  C. . 

Jabura,  B  and  C 

LuugiPDod,^  B  and  C. . 

Fahnoath 

t.C 


1911.94 
1911.45 
1911.60 
1911.70 
1911.84 

1912.11 
1912.44 
1912.72 
1912.91 
1913.12 
1913.33 
1913.49 
1918.71 
1914.04 


9.06864 
9.05596 
9.05834 
9.06623 
9.06660 


8.98226 
8.92944 
8.93229 
8.92987 
8.93012 


9.06311 
9.06522 
9.05462 
9.06671 
9.05888 
9.05400 
9.05659 
9.05664 
9.05878 


8.92688 
8.92882 
8.92820 
8.93026 
8.93188 
8.92755 
8.93005 
8.93049 
8.93274 


8.98562 
8.98316 

o. VOOU4 

8.98289 
8.98856 

8.98240 
8.98373 
8.98276 
8.98366 
8.98457 
8.98135 
8.98281 
8.98345 
8.98504 


8.85902 
8.85660 
8.85845 
8.85636 
8.85701 

8.85589 
8.85721 
8.85628 
8.85719 
8.85810 
8.85492 
8.85640 
8.86607 
8.85855 


.00000 
.00000 

+  .00001 
-.00001 
-.00002 


+  .00004 
-.00006 
-.00004 

+  .00006 
.00000 


-.00020 
+  .00011 
+  .00002 
+  .00010 
-.00001 
+  .00014 
-.00031 
+  .00031 
-.00020 


-.00035 
+  .00040 
+  .00008 
+  .00025 
-.00023 
+  .00025 
-.00081 
+  .00083 
-.00034 


+  .00010 
+  .00066 
-.00010 
-.00026 
-.00036 

-.00011 
-.00014 
-.00055 
+  .00038 
+  .00048 
-.00019 
+  .00002 
+  .00006 
-.00005 


+  .00047 
+  .00011 
-.00032 
+  .00023 
-.00037 

-.00014 
-.00003 
-.00038 
-.00030 
+  .00057 
-.00003 
+  .00012 
+  .00022 
-.00020 


^Stations  so  marked  are  locally  disturbed. 
*AB  TahMB  are  based  on  C.  I.  W.  Standards. 

"For  ibm  formula  adopted  from  leasi^uare  adjustments,  see  Table  57,  p.  838. 
*Tbe  obsenrations  were  made  at  Pamplemousses,  stations  B  and  C. 
^Thm  obevratSons  were  made  at  Weltevieden,  stations  A  and  B. 

*Th«e  was  a  change  la  the  condition  of  magnet  45  just  before  the  shore  observations  at  Antipolo  and  therefore  a  change 
la  the  adopted  formula  for  this  magnet  from  Antipolo.    (See  p.  238.) 

made  at  stations  A  and  B  on  small  coral  island  in  Papeete  Harbor. 
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Inclination  Obsbryationb. 

Sea  dip-circle. — Specimen  obeervationB  and  computations  for  the  determination  of 
inclination,  /,  on  board  ship  with  the  sea  dip-circle,  are  fully  shown  on  pages  219-222.  Incli- 
nation corrections  for  each  needle  were  determined  at  Washington,  and  at  each  shore 
station,  by  comparisons  between  the  sea  dip-circles  and  standardised  land  dip-circles  or 
standardized  earth-inductors.  During  the  Carnegie  cruises  inclinations  were  almost 
always  observed  with  both  polarities  of  the  regular  dip-needles.  When  that  was  not  done, 
polarity  corrections  were  derived  from  preceding  and  following  observations,  noade  with 
both  polarities. 

The  deterioration  of  the  dip-needle  pivots,  used  with  the  circles  on  the  Carnegie,  was 
more  rapid  than  on  the  Galilee.  It  is  probable  that  the  greater  trouble  experienced  on  that 
account  was  caused  chiefly  by  the  gases  and  waste  products  unavoidably  present  in  the 
engine  and  gas-producer  rooms,  which  are  quite  dose  to  the  instrument  store-room,  sup- 
plemented by  the  large  temperature  changes  during  the  operation  of  the  gas-producer 
plant  and  gas  engine.  This  rapid  deterioration  of  pivots  caused  both  progressive  and 
erratic  time-changes  in  the  inclination  corrections,  in  addition  to  those  changes  which 
depend  upon  magnetic  field  and  upon  pivot-section  irregularities.  It  was  thus  not  possible, 
in  the  Carnegie  work,  to  rely  wholly  on  least-square  adjustments  of  the  available  data  in 
accordance  with  the  general  formula 

FAI  ^x  +  zco&I  +  yBonl 

which  was  used  for  practically  all  of  the  Galilee  work.  The  adopted  corrections,  tiiere- 
fore,  for  Cruises  I  to  IV,  except  for  Cruise  I,  are  based  upon  a  combination  of  (1)  adjusted 
formulffi  corresponding  to  the  above  equation,  and  (2)  a  linear  time-change  between  the 
corrections  determined  at  successive  shore  stations. 

Specimen  observations  and  reductions  for  determination  of  inclination  corrections  are 
given  on  pages  24^246.  These  specimens  are  t3rpical  of  the  determinations  made  for  each 
needle  at  a  shore  station.  The  order  of  observation  followed  is  such  that  the  mean  times  of 
the  needles  in  a  set  of  determinations  will  be  practically  the  same.  The  order,  for  example, 
with  a  circle  provided  with  dip  needles  1  and  2,  and  intensity-needle  pair  3  and  4,  would  be: 
(1)  inclination  observations  with  polarity  A  north  for  needle  1,  (2)  corresponding  observa- 
tions with  needle  2,  (3)  loaded-dip  observations  with  needle  4,  (4)  deflected-dip  observa- 
tions with  suspended  needle  3  ''face  direct"  at  short  deflection-distance,  (5)  corresponding 
observations  with  needle  3  at  long  deflection-distance,  (6)  deflected-dip  observations 
with  suspended  needle  3  ''face  reversed"  at  long  deflection-distance,  (7)  corresponding 
observations  with  needle  3  at  short  deflection-distance,  (8)  loaded-dip  observations  with 
needle  4,  (9)  inclination  observations  with  polarity  B  north  with  needle  2,  and  finally  (10) 
corresponding  observations  with  needle  1.  For  a  typical  compilation,  showing  the  observed 
and  adjusted  values  of  inclination  corrections  for  an  entire  cruise,  see  Table  19,  page  72. 

Marine  earthrinductor. — ^The  satisfactory  performances  of  earth  inductors  of  various 
makes  and  designs,  as  evidenced  by  the  extensive  comparison  work  of  the  Department  of 
Terrestrial  Magnetism,  indicated  that  the  inclination  correction  for  a  well-made  inductor 
is  practically  the  same  for  all  magnetic  fields.  In  view  of  the  difficulties  experienced, 
because  of  the  changes  with  magnetic  field  in  the  needle  inclination-corrections  of  the 
sea  dip-circles,  and  particularly  because  of  the  more  or  less  erratic  changes  ariong  from 
unavoidable  needle-pivot  deterioration,  the  desirability  of  adapting  the  earth  inductor 
for  use  on  board  ship  was  early  appreciated.  Therefore,  after  an  extended  theoretical 
study  of  the  conditions  involved,^  the  design  and  construction  of  an  earth  inductor,  with 
appurtenances  suitable  for  observation  at  sea,  was  imdertaken  by  the  Department  of 

^Cf.  DoTwy,  N.  E.    The  Theory  of  the  Earth  Inductor  as  an  Inclinometer.    Terr.  Mag.,  vol.  18,  pp.  I-^. 
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IndinaHon  Observatiana  with  Sea  Dip^irde  at  Share  Station 


)um:  A,  SuTft  Vou,  Fiji 
Dip  Cirde:  No.  189 


DaU:  Mon.,  June  17,  1012 
Needle:  No.  5 


Oh$W:  H.  D.  F. 
Chron'r:  No.  51 


End  of  needle  mariced  A  south  down 


Micro.  A :  Down 


Circle  East 


Needle  Face  East 


Circle  West 


Needle  Face  West 


Circle  Wert 


Needle  Face  East 


Circle  East 


Needle  Face  West 


8 


141 


45 
44 


38    15.5 


N 


S 


321 


52 
52 


38    18 
21 


38    08.0 


-38*  11 :8 


38    19.5 


N 


S 


218    26 
28 


38    06 
06 


38    27.0 


38    06.0 


-38*  17'.5 


-38*  23^2 


N 


S 


218    02 
00 


141    27 
25 


38    01.0 


38    34.0 


N 


321    27 
25 


38    34.0 


-38**  03^5 


Mean:  -38''  18'.2 


-38*  18*8 


-38*  34 !0 


Polarity^  reversed 


End  of  needle  marked  B  south  down 


Micro.  A :  Up 


Circle  East 


Circle  West 


Circle  West 


Circle  East 


Needle  Face  East 


Needle  Face  West 


Needle  Face  East 


Needle  Face  West 


8 


N 


8 


N 


8 


N 


8 


N 


141 


38 
37 


321    28 
32 


37    54 
49 


217    50 
46 


38    20 
20 


218    25 
26 


141     59 
59 


322    07 
07 


38    22.5 


38    30.0 


37    51.5 


37    48.0 


38    20.0 


38    25.5 


38    01.0 


37    53.0 


-.38''  26'.2 


-38*  08*0 


-37*  49'.8 


-38'  22'. 8 


Mean:  -38''  09'.0 


-38**  09'9 


-37*  5710 


Resulting  IndinaUon:  -38''  13'.6  -  0^0»--38*  13'.6 


Chrcm 
Chrm 


.  time  of  beginning 
.  time  of  ending 


h  m 
12  37 
14    17 


Mean  chronometer  time 
ChroD.  oorrection  on  L.  M.  T. 

Local  mean  time 

Magnetic  meridian  reads 


13    27 
0    00 


13    27 


168^  57' 
348    57 


Circle  in  mag.  prime  vertical  ®  ' 

Circle  N.  Needle  8.  end  78  52 

Needle  N.  end  78  43 

Circle  S.    Needle  N.  end  259  00 

Needle  8.  end  259  12 


Mean  78    57 

Remarks:  Footscrew  C  was  north 


'Polarity  rsvaraed  by  10  strokes  of  bar  magnets  on  each  face. 


The  so-called  polarity-oorreotion. 
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Specimen  DeUrmmationi  cf  Indinatian  CarreeUone  c/  Sea  Dip^vrde 


SiatUm:  A  and  B.  Suva  Voo,  Fiji 
/fiffrumefit:  Sea  aip-drele  1^ 


Date:  June  17, 18, 19, 1912 


Obt'n:  H.  D.  F.  and 
£u  B&«  £• 


Date 

Local 
Mean 
Time 

Inclination  Obtained^ 

C.  I.  W.  by 
E.L2» 

Needle  No. 

5 

9 

6 

7dr^ 

7dbl* 

1919 
June  17 
17 
17 
18 
18 
18 
18 
19 
19 
19 
19 
19 

h     m 
13    27 

13  30 
15    04 
10    55 
12    06 

14  55 
14    55 
10    43 
12    36 
14    47 
14    48 
14    51 

-38  28.9 
29.0 
28.8 
27.9 
28.1 
28.9 
28.9 
28.0 
28.1 
28.0 
28.0 
27.8 

-38  13.6 

e         t 

18  33.2 

•      f 

e         » 

O             f 

.  -38  41.8 
40.2 
42.0 

-38  19.6 
18.7 
19.1 
19.6 

11.8 
13.6 

33.0 
33.0 

32.7 

-38  27.8 
25.6 

12.3 
12.5 
12.4 

32.4 
33.3 
34.6 

42.0 
39.9 

16.6 
15.9 

27.5 
26.3 

39.3 

17.0 

Date 

Local 
Mean 
Time 

Beeuhing  Correcti0D0  Sea  Dip-Cirde  189 

Needle  No. 

RemailDi 

5 

9 

6 

7/)£fl* 

7dju} 

1919 
June  17 
17 
17 
18 
18 
18 
18 
19 
19 
19 
19 
19 

k     m 
13    27 

13  30 
15    04 
10    55 
12    06 

14  55 
14    55 
10    43 
12    86 
14    47 
14    48 
14    51 

-15.3 

+4.3 

/ 

f 

9 

Eaiih  indnotor  2  at  B; 
dip  dnle  189  at  ii 

Earth  induetor  2  St  ii; 
dip  oiide  189  at  B 

+12.8 
+11.4 
+14.1 

-  9.4 
-10.1 

-  8.8 

-  8.5 

-17.0 
-14.3 

+4.2 
+5.1 

+3.8 

-1.1 
-3.3 

-15.7 
-15.6 
-15.6 

+4.4 
+5.2 
+6.6 

+14.0 
+11.8 

-11.4 
-12.2 

-0.5 
-1.7 

+11.5 

-10.8 

Meanine 
correct 

linati(Mi- 

iODS 

-15.6 

+4.8 

-1.6 

+12.6 

-10.2 

'All  values  are  referred  to  A;  A  -  B  -  O'.l. 

The  correction  applied  to  obeerved  values  by  earth  inductor  2,  to  reduce  them  to  C.  I.  W.  Staadaxd.  was  —  0'.7. 
*7dR8  is  the  designatioii  for  the  mean  value  for  needle  7  in  direct  and  reversed  positionB  when  deflected  by  needle  8  at  the 
short  deflection-distance;  7drL  is  the  corresponding  designation  for  the  long  deflection-distance. 

Terrestrial  Magnetism.  A  description  of  the  instrument  and  accessories,  its  theory,  an 
explanation  of  its  use,  and  specimen  observations  and  computations  for  magnetic  inclina- 
tion on  board  ship,  are  given  on  pages  196-202  and  221-224. 

At  each  shore  station  comparison  observations  are  made  between  the  marine  earth- 
inductor  and  the  standardized  land  earth-inductor,  to  control  any  possible  change  in  the 
inclination  correction  of  the  first  instrument,  as  well  as  its  constancy.  Specimen  determi- 
nations at  a  shore  station  with  the  marine  inductor,  and  a  specimen  summary  of  the  results 
for  an  entire  set  at  a  single  shore  station,  are  given  on  pages  245-246. 

Marine  earthrindudor  S. — ^Marine  earth-inductor  3  was  used  on  the  Carnegie  during 
Cruises  II  (from  September  1912),  III,  and  IV.  This  instrument,  with  its  special  rever- 
sible ^mbal-stand  for  use  on  board  ship,  was  designed  and  constructed  by  the  Department 
of  Terrestrial  Magnetism.  It  is  provided  with  a  marine  moving-coil  galvanometer, 
dedgned  and  constructed  by  the  Leeds  and  Northrup  Company.  The  adopted  indination- 
conection  from  all  available  data  is,  for  all  values  of  inclination,  —1^0. 
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IndiruOion  Ob^ervaHans  with  Marine  Eartkrlndudor  ai  Shore  SiaUon 


SiaHom:  Jarrah  Peg,  Ghristehuroh,  N.  Z. 
Marim  Barth  Indudar:  No.  3 


DaU:  FrL,  Apr.  28, 1016 
FooUenw:  A  north 


Ober:  I.  A.  L. 
CAfOfiV:  No.  53151 


Commutator  Down 

Commutator  Up 

Circle  East 

Chron. 
Time 

Rota- 
tion> 

Vertical  Circle 

Chron. 
Time 

Rota- 
tion 

Vertical  Circle 

Ver.A 

B 

Mean 

Ver.il 

B 

Mean 

k     m 
16    09 

16    16 

+ 

+ 

o             / 

68    06.5 
10.0 
09.5 
07.4 

§ 

06.2 
08.8 
09.0 
06.6 

e 

68 

9 

06.4 
09.4 
09.2 
07.0 

k     m 
16    42 

16    48 

+ 

o               / 

248    04.5 
06.0 
06.4 
05.0 

9 

03.5 
05.0 
05.5 
04.0 

o               / 

248    04.0 
05.5 
06.0 
04.5 

16    12 

Meana 

68 

08.0 

16    45 

Means 

248    05.0 

Inclination  for  Circle  East 

-68 

08.0 

Inclination  for  Circle  East 

-68    05.0 

CirdeWeet 

16    20 
16    26 

+ 

111    51.5 
53.5 
53.2 
50.5 

51.0 
53.5 
52.8 
50.0 

111 

51.2 
53.5 
53.0 
50.2 

16    33 
16    39 

+ 

291    52.0 
55.5 
55.6 
54.5 

51.5 
54.4 
54.4 

53.5 

291    51.8 
55.0 
55.0 
54.0 

16    23 

Means 

111 

52.0 

16    36 

Means 

291    54.0 

Inclination  for  Cirde  West 

-68 

08.0 

Inclination  for  Cirde  West 

-68    06.0 

Mean  Indmatum  CcHnmutator 
Down 

-68 

08.0 

Mean  Inclination  Commutator  Up 

-68    05.5 

Mean  chron.  time 
Chron.  oorr.  on  L.  M.  T. 

Local  meantime 

Commutator 

Magnetic  Meridian 

Down 

Up 

Compass  End 

Horiaontal 
Cirde 

k     in 

16    17 

-0    49 

h     m 

16    40 

-0    49 

North 
South 
South 
North 

•             9 

138    38 
318    38 
318    14 
138    13 

15    28 

15    51 

»%        « 

id  318* 

Magnet 

tic  men 

ne 
dian  leadfl  131 

3*26'ai 

26' by 

Ve 

mier^ 

L 

Mean 

138    26 

'Plus  stands  for  ooil  spun  in  right-hand  direction,  and  minus  for  soil  sKmn  in  Isf t-hand  dirsotion. 
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Spmmtn  DtUrminaiianM  of  Indinaiion  CorredicmM  qf  Mi 

iftmh  Pec  ttid  Bnm  Pipe,  Me:  April  28,  29,  Msjr  2;  UU 

GbfiBMiiiirdi,  ]N.  Z. 


:H.M.E. 
LA.L 


1 

t 

Local 

M€AJ1 

TinM 

IndinjilioQ  ObUioed* 

Rooha 

D«Car- 
lEwtk 

\ 

PI 

Lhkte 

C.  I.  W.  by 

Inductor 

25* 

Etfth  iDdoctor  3 
CommuUtor 

IndoctorS 

Up 

Down 

Up 

DOWB 

t9ie 

Apr,  28 

28 
28 
28 
28 

29 

29 
29 
29 
29 
29 
29 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

k      m 

14  42 

15  06 
15    28 

15  51 

16  10 
16    27 

9    26 

9    53 

10    10 

10    28 

10  56 

11  13 
11     33 

11  55 
8    42 

8  58 

9  12 
9    26 
9    50 

10    C/7 
10    34 
10    51 
n     05 
n     40 

12  00 
12     16 
12    32 

-68  06.5 
06.5 
07.6 
05.9 
a5.3 
06.3 
05.4 
05.6 
05.6 
06.1 
08.3 
10.3 
12.0 
11.8 
06  2 
05.7 
05.9 
05.5 
05.0 
04.7 
04.4 
04.2 
03.6 
04.2 
04.4 
04.4 
04.5 

•         / 

o           / 

-68  05.6 
06.2 
06.0 

0 

-6!4* 

-0.4 
-0.5 

*-6!4 

-0.3 

-6;7 

-0.6 

-6!5 

-0.5 

-616 
-0.4 

-6!9* 

-0.6 

» 

-0.9 
-0.3 
+0.4 

+d;2 

+0.4 

-6!i' 

-0.1 

-6!2* 

+0.1 

*   olo' 

+0.3 
+0.1 

+6:i 

-0.2 

1 

• 

1 

^TfMliielflr2Sal«fltMM 

f    tcr   3    as    maium. 
\     JmrwkFtt 

1 

Inductor  25  at  atatioQ 
Jmmk  Pt§;  mdnD- 
tor    3    at    aUtaon 

-68  05.5 
04.9 
05.8 

05.6 
06.0 

05.2 
05.8 

06.2 
10.2 

11.3 
11.2 

06.0 
05.8 

05.4 
05.0 

05.0 
05.0 
04.5 

03.6 
03.2 

04.3 
04.2 

03.5 
03.9 

f  ftjr  ofiirii 

J 

iiut&tor  up  1 

and  down 

-0.52 
-C 

-0.01 
>f3 

<fM  •t*ti//A^)iff<fr«nc«  (>«iw««fi  the  Htatiooii  Jarrah  Peg  and  Bra<s  Pipe  is  O'O. 

^IM  "//rtir.Uftu  Auifl'mtl  t/>  obMTved  values  by  the  inductor  attachment  of  magnetometcr-indiictGr  25,  to  rednee 
I   W  hfMit^ian.  wan  -  or5. 


them  to 
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Total-Inctnsitt  Observations. 

Sea  dip-cirde. — Complete  specimen  observations  and  computations  for  total  intensity, 
F,  with  the  sea  dip-drclci  and  the  indirect  determination  of  inclination^  /,  from  the  deflec- 
tion observations,  are  shown  on  pages  219  and  220.  The  value  of  the  horisontal  intensity, 
J7y  18  obtained  by  the  formula 

ff-FcosJ 

As  the  method  employed  is  a  relative  one,  it  is  essential  that  no  change  be  made  in  the 
weight  used  with  the  loaded-dip  needle,  and  that  its  position  be  not  shifted  from  one  end 
of  the  needle  to  the  other  during  a  cruise;  furthermore,  the  magnetism  of  the  loaded-dip 
and  deflected  needles,  except  for  the  nomial  changes  with  time,  must  remain  unchanged. 
The  reduction  formuLsB  for  the  total  intensity  are: 

Loaded-dip  observations  only,  F»C|  cos  /'  esc  ti 
Deflection  observations  only,  F^Cg  esc  ui 


Both  loaded-dip  and  deflection  observations,  F^C  Vcos /'  esc u  esc  ui 

where  V is  the  loaded-dip  angle,  ui  is  the  deflection  angle,  u^I --Fj  Ci  is  the  loaded-dip 
ocmstant »  — ,  Ci  is  the  deflected-dip  constant » ICim,  and  C  is  the  combined  constant « 

y/KK\.  The  constants  C|  and  C^  involve  the  magnetic  moment,  m,  of  the  loaded-dip 
needle,  and  are  both,  therefore,  subject  to  change  with  temperature  and  with  time.  C|, 
furthermore,  involves  the  induction  correction  which  is  a  fimction  of  F.  Cg  is  affected 
also  by  changes  in  deflection  distances,  due  to  temperature  changes,  as  well  as  by  any 
changes  in  the  distribution  coefficients.  Two  deflection  distances,  designated  short  {S) 
and  long  (L),  are  provided  in  the  modified  sea  dip-circle  (see  p.  195),  and  thus  there  are 
two  independent  sets  of  constants.  In  deflection  observations  there  are  also  two  positions 
of  the  deflected  or  suspended  magnet,  designated  ''direct"  (D)  and  ''reversed"  (£); 
"direct"  position  means  that  the  face  of  the  deflected  needle  is  towards  the  face  of  the 
vertical  circle;  "reversed"  position  means  that  the  face  of  the  deflected  needle  is  towards 
the  back  of  the  vertical  circle.  For  all  of  the  Carnegie  work  the  deflection  observations 
were  made  in  both  "direct"  and  "reversed"  positions  for  each  determination,  and,  there- 
fore, the  constants  to  be  controlled  by  shore  observations  for  that  work  are :  Cif  C^dr  for  /S, 
and  CdDR  for  L.  Values  of  these  intensity  constants  were  determined  at  each  ^ore  station 
and  at  Washington  by  means  of  comparisons  between  the  sea  dip-circles  and  standardized 
land  magnetometers  and  inclination  instruments. 

Specimen  observations  and  reductions  for  the  determination  of  the  constants  are  given 
on  pages  248-250.  The  specimens  are  typical  of  the  compilations  made  for  each  pair  of 
intensity  needles.  The  order  followed  in  the  observations  is  such  that  the  mean  times  of 
the  three  determinations  of  constants  wiU  be  practically  the  same.  The  order  is  as 
follows:  (1)  loaded-dip  observations,  set  I;  (2)  deflected-dip  observations  for  "direct" 
podtion  and  short  distance;  (3)  deflected-dip  observations  for  "direct"  position  and  long 
distance;  (4)  deflected-dip  observations  for  "reversed"  position  and  long  distance;  (5) 
deflected-dip  observations  for  "reversed"  position  and  short  distance;  and  finally  (6) 
loaded-dip  observations,  set  II. 

Because  of  the  development  of  microscopic  rust-pits  on  the  needle  pivots  there  are 
erratic  changes  in  the  intensity  constants.  It  was,  thcorefore,  necessary  to  depend  entirely 
upon  graphical  adjustments,  or  upon  linear  interpolations  with  time  between  shore-station 
values.  The  method  adopted  for  each  cruise  is  given  with  the  sununary  of  constants 
(pp.  250-262). 
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Total  IfUemiiy:  LoadBirDip  ObmnaHonM  vritii  8m 


at  Shore  Siation 


StoHan:  A,  Suv»  Vou,  Fiji 
Dip  CinU:  No.  189 


Dale;  Mon.,  June  17, 1912 
NeedU  No.  8  loaded;  wt.  11 


Ob^r:  EL  D.  F. 
Cknm'r:  No.  61 


End  of  needle  marked  A  north  up 

I 

Circle  East 

Circle  West 

Circle  West 

Circle  East 

Needle  Face  East 

Needle  Ftee  West 

Needle  Face;£Bst 

Needle  Faoe  Weit 

8 

N 

8 

N 

8 

N 

8 

N 

124    17 

17 

o             / 

804    19 
20 

65    40 
39 

o             / 

235    43 
43 

e          f 

66    48 
44 

0        / 

286    46 
48 

0       i 

124    11 
12 

804    14 
13 

66    43.0 
-65» 

65    40.6 
41  !8 

-55» 

55    39.5 
41'.5 

55    43.0 
41:2 

Mean/;:  - 

66    43.6 
-65* 

-65*  44!0 

65    47.0 
4512 

-66* 

65    48.6 
-66'' 
4614 

66    46.6 
4716 

End  of  needle  marked  A  north  up 

U 

CirdeEast 

CSreteWest 

CirdeWest 

Circle  East 

Needle  Fihce  East 

Needle  Face  West 

Needle  Face  East 

Needle  Faoe  West 

8 

N 

8 

N 

8 

N 

8 

N 

•          i 

124    16 
17 

804    17 
18 

O             f 

66    40 
38 

235    40 
40 

0       / 

65    46 
46 

0        f 

236    46 

48 

0        / 

124    16 
16 

e          # 

304    13 
16 

66    48.6 
-65^ 

66    42.6 
4810 

-65* 

65    39.0 
-65* 
4112 

66    40.0 
39:6 

Mean/i:  - 

56    46.6 
-65' 

-65*  43!4 

66    47.0 
4612 

-65* 

65    44.6 
-65* 

45:7 

66    46.0 
45:2 

Mean /'for  I  and  n:  -65*  43^7 

8et 

Beginning 
Ending 

Means 

CSiron.  oorr.  on  L.  M.  T. 

Local  mean  time 
Mean  L.  M.  T. 

Chron.  Times 

Temperatures 

Remarics 

Magnetio-moidian  setting  as  de- 
termined by  prime  -  vertical 
method  with  needle  5 

Footscrew  C  was  north 

I 
A     m 
13    01 
13    10 

n 

A     m 
13    52 
13    58 

I 

25.6 
25.6 

II 

25.9 
26.2 

13    06 
0    00 

13    55 
0    00 

25.6 

26.0 

Mean  for  sets 
sets  I  and  II 
25?8 

13    06 

13    55 

13^30- 

Magnetic] 

meridian  reac 

Is  168'' 

57'  and  348*  57' 
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Specimen  Detefminationa  ofltUensity  CoMtanis  of  Sea  DijhCirde 
StoHm:  A  and  B,  Suva  Vou,  Fiji  Intirumeni:  Sea  dip-cirde  189  Obt'r:  H.  D.  F. 


i 

Date 

Local 
Mead 
Time 

Inclina- 
tion, /^ 

C.  I.  W. 

Standard 

Loaded  Dip  Needle  8, 
Weight  11 

Deflected  Dip,  Needle  7  Suspended,  8  Deflecting 

Short  Distance 

Long  Distance 

Temp. 

/' 

u-/-/' 

^iD 

"UI 

Temp. 

"iD 

^i« 

A 

B 

191$ 
June  17 
17 
18 
18 
June  19 
19 
19 

h 
13.5 
15.1 
10.9 
12.1 
10.8 
12.6 
14.8 

e          f 

-38  29.0 
-38  28.8 
-38  27.9 
-38  28.1 
-38  27.9 
-38  28.0 
-38  27.9 

•c 

25.8 
26.4 
26.0 

o           / 

-55  43.7 
-55  42.9 
-55  43.5 

e          / 

17  14.7 
17  14.1 
17  15.6 

•c 

25.7 
26.5 
26.0 

o           / 

43  03.2 
43  01.9 
42  59.2 

e         / 

43  09.8 
43  07.7 
43  04.0 

•c 

25.8 
26.5 
26.0 
24.7 
26.9 
26.2 
26.7 

e         i 

29  11.8 
29  15.7 
29  14.2 
29  14.5 
29  20.0 
29  19.0 
29  19.5 

e         / 

29  15.0 
29  20.4 
29  17.9 
29  15.4 
29  21.4 
29  19.8 
29  19.2 

27.0 
26.5 
26.5 

-55  44.9 
-55  43.8 
-55  44.0 

17  17.0 
17  15.8 
17  16.1 

27.0 
26.6 
26.6 

43  01.4 
43  00.5 
43  02.0 

43  11.2 
43  12.9 
43  06.7 

Means 

-38  28.2 

26.4 

-55  43.8 

17  15.6 

26.4 

43  01.4 

43  08.7 

26.1 

29  16.4 

29  18.4 

ComputaiioDS 

Loaded-Dip  Ckmatant:  Ci-^-ffeeo/siniiaee/' 

Deflected-Dip  Constant:  C^^Km^H  sec  /  sin  ui 

Horisontal  Intensity,'  H 

LogH 
Log  see/ 
Logsinu 
Log  seer 

0.34603 

Mean  iii  for  D  and  R 

Log  ff(i7 -0.34693) 
Log  sec/ 
Logsinu^jj 

Short 
43*  05'.0 

Long 
29*  17U 

9.54024 
0.10628 
9.47233 
0.24942 

9.54024 
0.10628 
9.83446 

9.54024 
0.10628 
9.68951 

LogCiat 

<• 

9.36827 

Log  CdDR  at  e 

«F.4oUlfo 

9.33603 

^Ytom.  limultanaoiiB  inoUnation-obMryationB,  made  with  earth  inductor  2  at  ttation  B  on  June  17  and  18,  and  at  station 
A  on  June  19;  after  reduction  to  C.  I.  W.  Standard,  the  values  wore  referred  to  the  dip-eirde  station  by  means  of  the  station- 
difference  (A  -  B)  ■>  -  0*1. 

There  were  no  simultaneous  observations  for  H.  The  adopted  value  is  the  mean  of  20  with  standardised  magnetom- 
eters 2  and  4,  made  at  various  times  from  10^  to  15^  on  June  11-14,  1912,  and  referred  to  the  dip-cirde  stations. 

Sea  Dip-Circlb  Corbections. 

The  adopted  inclination-corrections  and  intensity-constants  are  given  below  for  each 
sea  dip-circle.  All  corrections  and  constants  are  on  the  basis  of  C.  I.  W.  Standards  (see 
p.  232).  For  the  regular  dip-needles,  the  inclination  corrections  apply  to  complete  deter- 
minations by  both  polarities,  and  for  the  deflected  needle,  to  the  mean  of  determinations 
made  in  both  ''direct"  and  ''reversed"  positions.  AU  indination  valuea  are  referred  to 
northrseeking  end  of  needle,  indination  of  northrseeking  end  of  needle  below  horizon  being 
reckoned  positive.  AU  valuea  of  total  irUmsUy  and  horizontal  intensity  are  reckoned  positive; 
values  of  vertical  intensity  are  given  the  same  sign  as  the  corresponding  indinations.  AZ  and  F 
in  the  formuke  are  always  expressed  in  minutes  of  arc  and  in  c.  g.  s.  units,  respectively. 

Sea  dip-cirde  189. — Sea  dip-cirde  189,  manufactured  by  Dover,  is  of  the  latest  pattern 
(see  p.  195).  It  was  used  on  Cruises  I,  II,  III,  and  IV,  except  for  March  1915.  For 
Cruise  I  the  adopted  inclination-corrections  are  from  a  graphical  adjustment  of  observed 
data  at  shore  stations  and  of  the  data  derived  from  the  special  experimental  work  at 
Washington.  For  Cruise  II  the  adopted  inclination-corrections  are  the  means  of  values  of 
All  and  AZsi  derived  by  different  methods:  (1)  by  a  least-square  adjustment  of  all  avail- 
able data  for  each  needle  in  accordance  with  the  formula 

FA/i  =  X  +  zcoal  +  ymil 

and  (2)  byatime  interpolation  between  theobeerved  correctionsat  the  next  preceding  and  next 
following  stations ;  the  adopted  correction.  A/ = |  ( A/i + A/O .  For  Cruise  III  the  adopted 
corrections  are  the  means  of  the  values  determined  at  the  4  shore  stations  where  the  sea 
instruments  were  compared  with  the  standard  instruments  for  control  during  this  cruise. 
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Hie  adopted  ineliiiation-corrections  are  taken  from  Table  60. 


Tabu  60.— /ndifutficm  ComdUm»fw  Sea  DijhCinie  189. 


IndinfttioD 

Recular  Dip-Needlee 

Needle  No.  7, 7>  and  A, 
defleeted  by  Needle  No.  8 

CraiMi 

No.i 

» 

No.  10      Short  Dirtenoe 

Lone  DIetanee 

0 

+76 

-6.8 

-6.0 

+1.4 

+1.2 

+70 

-4.6 

-3.0 

+3.0 

+2.6 

+06 

-2.8 

-1.7 

+4.1 

+1.6 

+60 

-1.! 

2 

0.0 

+6.2 

-0.7 

+66 

+0.2 

+1.4 

+6.2 

-2.6 

+60 

+1.6 

+2.7 

+7.2 

-2.3 

+46 

+2.7 

+3.8 

+8.2 

-1.1 

+40 

+3.6 

+6.0 

+0.0 

+0.6 

Number  of 

Defleo- 

tion 
DieUnoe 

Fonnul»  for  A/i 

Suqwnded  I 

>efleotiiig 

^^       •        w 

Needle 

Needle 

Crnliell 

M«lliod 

f        f                t 

1 

6 

FA/i  -  -6.0+6.6  eoe  7+2.3  ein  / 

g 

FAJi  -  -3.3+4.6  eoe  7+1.4  ein  7 

10 

FA7|  •  -3.0+3.7  eoe  7+1.4  tin  I 

IDiidR 

8 

Short 

FA7i  -  -3.4+6.2  eoe  7+3.1  nn  7 

TD^DdR 

8 

Long 

FA7i  -  -6.0+7.6  eoe  7+0.0  nn  7 

V\^.A^. 

Indinatioii-Comction  Alt  for  Needle 

liate 

No.  6^ 

No.  6^ 

No.O 

No.  10^ 

No.7fl» 

No.  7l* 

1010.44 

f 

t 

-  3 

-2 

+  1 

+  2 

1010.67 

+  2 

+7 

+  6 

-  1 

1010.76 

+  2 

+4 

+12 

-  1 

1010.06 

-  2 

0 

•  •  •  • 

+  2 

Cndaell 

1011.06 

-  4 

+4 

•  •  •  ■ 

-  1 

MeUkod 

1011.96 

+  1 

-1 

-  2 

-11 

1011.48 

-6 

-2 

+10 

-7 

+10 

-  2 

m 

1011.61 

+  7 

+8 

+  1 

-  6 

+  6 

1011.70 

-  4 

•  •  •  • 

+  3 

+  4 

-  6 

1011.83 

-13 

•  •  •  • 

-  2 

+  0 

-13 

1012.18 

+16 

+6 

+  7 

-10 

+17 

1012.46 

-16 

-2 

+  5 

+13 

-10 

1012.72 

-  8 

-  2 

+32 

-  2 

1012.02 

-  8 

+10 

-66 

+30 

1018.11 

+11 

+12 

-17 

+  0 

1013.33 

-  5 

+  6 

■  •  •  • 

+60 

1013.60 

-  7 

+13 

•  «  •  • 

+11 

1013.72 

-  6 

+  8 

+  1 

-18 

1014.04 

-  1 

+11 

+  2 

-12 

Inolination 

ResuUr  Dip-Needlee 

Needle  No.  7,  D  and  J^ 
defleeted  by  Needle  No.  8 

CniiM 

in 

No.  1 

5 

No.  6       i 

Short  Distanoe 

LongDietanoe 

+2!8 

-l!8 

+0^6 

-6^2 

1 

1 

^Needle  6  was  mbetiUited  for  needle  10  in  Jane  1011. 

^Method  2  only  ia  uaed  for  needle  6;  tble  needle  waa  aeldom  uaed  during  Gndae  n. 

*Mean  Tahie  for  needle  7  in  "direot"  and  "rerereed"  poation,  defleeted  by  needle  8  at  diort  defleetion-diatanee. 

Vean  value  for  needle  7  ae  for  footnote  3,  but  at  long  defleetion-diatanee. 
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The  adopted  intensity-constants,  Ct,  C^drsj  And  CdORLf  ai^  pven  in  Table  61.  For 
Cruise  I  they  are  obtained  from  a  graphical  adjustment  of  ail  the  available  data.  For 
Cruises  II  and  III  the  values  in  Table  61  are  those  determined  at  shore  stations  for  the 
dates  given;  for  sea  stations  a  direct  time  interpolation  is  made  between  the  nesct  preceding 
and  the  next  following  values  of  the  table.  The  adopted  value  of  the  temperature  factor, 
q,  is  0.0001  for  both  log  Ci  and  log  Cg.  To  refer  a  value  at  20^  centigrade,  taken  from 
Table  61,  to  the  temperature,  f,  of  observations,  the  following  formuke  are  used: 


log  Cu  =  log  Cm  -0.0001  (20^-  t) 


log  Cm  =  log  C420  +0.0001  (20^-  t) 


Table  61.— /ntenniy  CantkmU  ai  9Cf  CenHnrade  (Cm  ond  C^)  far  Sea  DijhCinie  189. 


LogCuo 

Log  C^  for  Needle  7 

Log  Cm 

Log  C^  for  Needle  7 

For 

Date 

for  Needle 
8  Loaded 

Deflected  by  Needle  8 

Date 

for  Needle 
SLoaded 

Deflected  by  Needle  8 

Cniiae 

with 

Short 

Long 

with 

Short 

Long 

Weight  11 

Distance 

Distance 

Weight  11 

Distance 

Distance 

1009.58 

0.3482 

0.4046 

0.3485 

1000.00 

0.3517 

0.4011 

0.3451 

1000.60 

0.3481 

0.4046 

9.3486 

1000.05 

0.3526 

0.4002 

0.3442 

1000.66 

0.3481 

0.4047 

0.3487 

1010.00 

0.3535 

0.4803 

0.3433 

I 

1000.70 

0.3484 

0.4044 

0.3484 

1010.05 

0.3544 

0.4884 

0.3424 

1000.75 

0.3400 

0.4038 

0.3478 

1010.10 

0.3553 

0.4875 

0.3415 

1000.80 

0.8408 

0.4020 

0.3460 

1010.15 

0.3562 

0.4866 

0.3406 

1000.85 

0.3508 

0.4020 

0.3460 

•  •••••• 

1010.44 

0.3556 

0.4864 

0.3407 

1012.12 

0.3551 

0.4810 

0.3318 

1010.57 

0.3545 

0.4852 

0.3416 

1012.46 

0.3676 

0.4816 

0.3366 

1010.76 

0.3565 

0.4864 

0.3410 

1012.72 

0.3606 

0.4836 

0.3328 

1010.05 

0.3505 

0.3350 

1012.02 

0.3668 

0.4770 

0.3360 

II 

1011.06 

0.3645 

0.3346 

1013.11 

0.3638 

0.4760 

0.3386 

1011.26 

0.3514 

0.4811 

0.3315 

1013.34 

0.3738 

0.3312 

1011.47 

0.3550 

0.4703 

0.3347 

1013.50 

0.3632 

0.3310 

1011.61 

0.3482 

0.4780 

0.3330 

1013.72 

0.3500 

0.4706 

0.3263 

1011.70 

0.3550 

0.4783 

0.3324 

1014.04 

0.3568 

0.4712 

0.3240 

1011.84 

0.3624 

0.4820 

0.3368 

ra 

1014.40 

0.3501 

0.4721 

0.3252 

1014.66 

0.3641 

0.4600 

0.3203 

1014.53 

0.3682 

0.4711 

0.3218 

1014.84 

0.3501 

0.4687 

0.3226 

Sea  dip-circle  SOS. — Sea  dip-circle  203,  manufactured  by  Dover,  is  of  the  latest  pattern 
(see  p.  195).  It  was  carried  as  a  reserve  instrument  and  was  used  only  at  a  few  auxiliary 
land  stations  during  Cruise  I;  the  corrections  adopted  for  these,  from  intercomparisons 
with  earth  inductor  2  and  circle  201,  are:  mean  of  needles  9  and  10  at  dip  +67^,  — 6!9,'  at 
dip  +54®,  — 4!6;  needle  5  at  dip  +54®,  — 5'0.  The  logarithms  of  the  adopted  combined 
intensity-constant,  for  needles  7  and  8  (8  loaded  with  weight  31),  in  October  1909  are: 

Log  C  for  short  deflection-distance,  9.55463 
Log  C  for  long  deflection-distance,   9.48089 


CONSTANTS  AND  CORRECTIONS  FOR  LAND  INSTRUMENTS. 
Dbscbiftions  of  Maonbtombtbbs,  Dip  Cibcles,  and  Eabth  Inductobs. 

The  reduction  f ormube  and  methods  of  determining  constants  for  the  land  instruments 
used  in  the  Carnegie  shore  work  and  in  the  standardization  of  the  ocean  instruments  during 
1909-1916  were  the  same  as  those  in  Volume  I  (pp.  22-41). 

The  types  of  magnetometers  used  are  described  and  illustrated  in  Volumes  I  (pp.  2-7) 
and  II  (pp.  5-12) ;  the  details  respecting  them,  and  the  adopted  constants  for  the  pmod 
1909-1916,  are  shown  in  Table  62. 

Magnetometers  2,  3,  4,  5,  and  8  were  manufactured  by  the  Bausch  and  Lomb  Optical 
Ckmipany  of  Rochester,  New  York;  the  magnets  are  hollow  cylinders,  the  long  magnets 
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being  7.5  cm.  long,  with  inside  diameter  of  0.75  cm.  and  outside  diameter  of  1.00  cm.,  and 
the  short  magnets  being  3.5  cm.  long,  with  inside  diameter  of  0.61  cm.  and  outside  diameter 
of  0.82  cm.  Universal  magnetometers  14,  19,  and  21,  and  magnetometeivinductor  25 
were  designed  and  constructed  by  the  Department  of  Terrestrial  Magnetism;  the  magnets 
an  hollow  cylinders,  the  long  magnets  being  5.6  cm.  long,  with  inside  diameter  of  0.60  cm. 
and  outside  diameter  of  0.79  cm.,  and  the  short  magnets  being  2.6  cm.  long,  with  inside 
diameter  of  0.45  cm.  and  outside  diameter  of  0.65  cm.  Phosphor-bronze-ribbon  suspen- 
sions were  used  for  all  these  instruments. 


Tablb  62.— DMoOt  and  CanttanU  cf  MaifmUmeUn  U99d,  1909-1914, 
(TIm  a  o.  0.  qnltm  ol  units  is  usod  throuf  boat  ths  tsblo;  ths  ralos  of  a  i*  !!▼•&  for  1*C) 


No. 

Type 

Hon- 
•ontal 
Circle 

Moments  of  Long 
Macnets  at  20»  C. 

Distribution 
Ck>efficients 

Induc- 
tion 

Coeffi- 
cient 
h 

Tempera- 
ture 
Coeffi- 
cient 
Q 

Scale 
Value 

for 
Declina- 
tion 

Deflection 

Distances 

Used 

Ck>nstants  Apply 
for  Period 

Inertia 

Magnetic 

P 

Q 

2 
3> 

4 

5 

8 

14 
19 

26 

1(a) 

1(a) 

1(a) 

1(a) 

1(a) 

4(6) 
4(6) 

4(e) 

C9n» 
12.6 

12.6 

12.6 

12.6 

12.6 

10.1 
12.0 

10.2 

162 

166 

166 

234 

237 

66 
66 

66 

616 

665 

626 

620 

607 

280 
286 

806 

+16.78 

+10.71 

+14.87 

+16.66 

+14.67 

+  7.81« 
+  7.60^ 

+  7.64^ 

-1000 
+1000 

-  881 

-  670 
+    24 

0.0116 
0.0088 
0.0116 
0.0063 

o.ooai 

0.0093 
0.0091 

0.0096 

0.00036 

0.00041 

0.00036 

0.00046 

0.00037 

0.00060 
0.00048 

0.00044 

1.60 

1.49 

1.49 

1.48 

1.48 

1.96 
2.16 

1.97 

CIVI. 

26.  27.6. 
30.36.40 
26.  27.6. 
30. 36. 40 
26.  27.6. 
30.36.40 
26.  27.6. 
30.36.40 
26.  27.6. 
30.36.40 
20.26.28 
20.26.28 

20.26.28 

Sept.  1909  to  Dec. 

1913 
1909  to  1914 

Sept.  1909  to  Dec. 

1913 
June  1914  to  Oct. 

1914 
March  1911 

Apr.  to  Sept.  1913 
Sept  1912  to  May 

1913 
June  1914  to  Oct. 

1914 

^Magnetometer  3  is  the  standard  magnetometer  of  the  Department  of  Terrestrial  Magnetism. 
•This  value  of  P  is  the  value  of  P*,  assuming  that  (1  -^  P'r'^  -  (1  +  Pr"*  +  Qr"*). 

The  dip^ircles  and  universal  magnetometera  used  to  determine  inclination  at  shore 
stations  were  of  the  patterns  which  are  fully  described  and  illustrated  in  Volumes  I  (pp. 
7-10)  and  II  (pp.  7-9),  viz:  (a)  the  r^ular  Kew  land-pattern  as  made  by  Dover;  (b)  the 
sea  dip-circle  pattern  (see  p.  105)  as  made  by  Dover,  and  which  was  used  for  Cruise  I ; 
and  the  dip-circle  attachment  of  the  universal-magnetometer  pattern,  4  (b),  designed  and 
constructed  by  the  Department  of  Terrestrial  Magnetism.  To  determine  the  magnetic 
declination  at  shore  stations,  a  compass  attachment,  fully  described  and  illustrated  in 
Volume  I  (p.  9),  was  provided  for  each  land  and  sea  dip-circle.  (See  also  this  volume,  pp. 
21-23). 

The  earth  inductors  used  to  determine  the  inclination  at  shore  stations  were  of  the 
patterns  which  are  fully  described  and  illustrated  in  Volumes  I  (pp.  10-11)  and  II  (pp. 
fr-15),  and  in  this  volume  (pp.  196-200),  viz:  (a)  the  Wild-Eschenhagen  pattern  as  made  by 
Sehulze  and  by  Toepfer  &  Sohn;  (6)  ike  marine  pattern,  and  the  earth-inductor  attach- 
ment of  the  magnetometer-inductor  pattern,  4  (c) ;  the  last  two  types  were  designed  and 
constructed  by  the  Department  of  Terrestrial  Magnetism.  Earth-inductor  48,  constructed 
by  Sehulze,  and  fully  described  and  illustrated  in  Volume  I  (pp.  10-11),  was  the  standard 
inclination  instrument  of  the  Department  of  Terrestrial  Magnetism  during  1909-1916. 


254 


Ocean  MAomnTC  OBSBBYATiONBy  190&-16 


MaONXTOICXTSB  COBBXCnONB. 

The  correctioDB  of  each  magnetometer  on  the  adopted  standard  (see  p.  232)f 
determined  at  Washington,  before  and  after  field  use  of  the  instrument  and  abo  in  the  fidd, 
whenever  possible,  by  means  of  comparisons  with  other  magnetometers.  The  aeeuEBcy 
of  the  mean  corrections  for  the  land  instruments  is  usually  about  0!2  in  declinatkmy  and 
about  0.00010  in  horizontal  intensity.  The  tabulated  corrections  are  to  be  aiqplied  alge- 
braically, east  declination  being  reckoned  as  poeitiye  and  west  declination  as  negative; 
horizontal  intensity  is  always  taken  as  poeitiye. 

The  tabulated  If-corrections  are  those  actually  applied  in  the  final  reductionB  of  the 
observations,  except  for  magnetometers  5, 14, 19,  and  25,  for  which  ibe  values  as  pven 
in  Table  63  are  the  equivalent  corrections  on  the  basis  of  the  finally  adopted  dietributian 
coeflScients  given  in  Table  62,  instead  of  the  distribution  coefficients  first  adopted  and  used 
in  the  orig^al  computations  and  revisions. 


Tablb  fSS.^MagnelameUr 


an  AihpUd  C.  /.  W.  SUmdardiJar  flU  Pmriad  1909-1914- 


No.  of 
Mac- 

iMtom- 

Correotion  to  ObMnred 

tion 

Horisontal 
Inieniity 

2 
3 

8 

4 

4 

5 

8 

14 

10 

26 

+0.2 
+0.1 
0.0 
+0.6 
+0.4 
-0.7 
+0.1 
-0.7 
-0.2 
-0.4 

-o.oooaoff 

-O.OOOlOi? 
+0.00016H 
+0.00020tf 
+0.00024i7 
-O.OOOSli? 
-0.00017i7 
+0.00028i7 
+0.0003017 
+0.00026i7 

To  December  1010 

From  January  1011  to  December  1013 

From  8e|>tember  1009  to  F^jroary  1010 
From  March  1010  to  December  1013 
From  June  1014  to  October  1014 
March  1011 

From  April  to  S^tember  1013 
From  8e|>tember  1012  to  May  1013 
From  June  1914  to  October  1014 

DlP-CntCLB  COBRBCnONB. 

In  the  regular  inclination-observations  at  shore  stations,  the  polarity  of  the  needles 
is  invariably  reversed,  and,  hence,  the  so-called  balance  error  caused  by  any  eccentricity 
of  the  center  of  gravity  of  the  needle  is  eliminated.  There  remains,  however,  the  error 
caused  by  any  irregularity  of  the  figure  of  the  pivot,  and  this  will  vary,  in  general,  with  the 
magnetic  field.  The  correction  data  from  all  comparisons  at  Washington,  in  the  field, 
and  at  observatories  are  utilized  to  determine  for  each  needle  an  equation  expressing  the 
variation  of  the  correction.  A/,  with  total  intensity,  F,  and  inclination,  /,  of  the  general 
form  (see  Volume  I,  p.  46,  Volume  II,  p.  17,  and  this  volume,  p.  260) : 

FA/  =  x  +  «co8/  +  ysin7 

In  the  cases,  however,  where  only  a  few  reliable  comparisons  are  available,  and  particularly 
in  the  tropics,  where,  because  of  the  development  of  rust,  a  rapid  deterioration  of  the  dip 
needles  is  encountered,  it  has  been  necessary  to  depend  for  the  corrections  on  a  critical 
study  of  the  differences  exhibited  by  the  needles  among  themselves,  and  then  to  work  back 
from  these  differences  to  the  basenstation  corrections. 

The  adopted  dip-corrections  for  the  land  dip-circles  are  given  separately  for  each 
instrument;  they  are  to  be  applied  algebraically,  inclination  of  the  north-seeking  end  of 
the  needle  below  the  horizon  being  regarded  as  positive,  and  vice  versa.  In  case  of  the 
shore  stations  of  Cruise  I,  for  which  values  obtained  with  the  sea  dip-circles  are  utilized 
in  the  Table  of  Results  for  shore  stations,  the  corrections  given  in  Table  60  and  on 
pages  255-256  were  applied.    The  declination  corrections  adopted  for  the  dip-circle  compass 
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its  foUow  the  inclination  corrections;  the  declination  corrections  adopted  for 
the  compass  attachments  of  the  sea  dip-circles  are  given  on  page  266. 

Unwermd  magnetometer  H. — ^Universal  magnetometer  14,  designed  and  constructed 
by  the  Department  of  Terrestrial  Magnetism,  was  used  during  April  to  September  1013  on 
Cruise  II.    The  adopted  inclination-corrections  are  idven  in  Table  64. 


Tablb  64. — IndinatUm  CanedionM  for  UmotrmA  Mognn/Umt^  I4, 


tion 

Correotioii  for  Dip  Naadle 

No.  1 

No.  2 

No.  6 

No.  6 

0 

+70 
+60 
+60 
+10 
0 
-10 
-20 

+0.3 
+0.1 
-0.2 
-0.8 
-0.3 
+0.8 
+0.8 

+1.6 
+1.2 
+0.6 
-1.9 
-2.3 
-2.6 
-2.7 

+0.9 
+0.8 
+0.6 
-0.6 
-0.8 
-1.1 
-1.4 

+0.6 
+0.8 
-0.1 
-1.2 
-1.4 
-1.6 
-1.7 

Universal  magnetometer  19. — ^Universal  magnetometer  19,  designed  an 
the  Department  of  Terrestrial  Magnetism,  was  used  during  September  1! 
on  Cruise  II.    The  adopted  inclination-corrections  are  given  in  Table  65. 


Tabub  66.^ 


CcrrtcUfmi  far  Unmrmd  Magndomdcr  19. 


Cometion  for  Dip  Needle 

TiMiKn*. 
tkm 

Runiiurkf 

N0.I 

No.  2 

No.  6 

No.  6 

Needlee  1  and  6  an 

• 
+70 

-0.4 

+0.9 

-0.2 

-1.3 

0 

-0.1 

+0.6 

-1.0 

-1.0 

■omewbat  emtio 

-  4 

+8.0 

-0.2 

-0.6 

-0.6 

in  behaTior,   and 

-  8 

+6.9 

-1.0 

-0.2 

-0.3 

frequently  lesolte 

-12 

+8.1 

-1.2 

0.0 

-0.1 

with    them    have 

-16 

+8.7 

-1.1 

-0.1 

-0.1 

had  to  bereiected 

-20 

+6.1 

-0.6 

-0.9 

+0.2 

on  that  account; 

-24 

+3.0 

+0.2 

-2.6 

+0.8 

this  has  been  par- 

-28 

+2.7 

-1.2 

-2.9 

+1.0 

tionlarly  the  ease 

-32 

+3.6 

-2.4 

-2.6 

+0.8 

for       inclinations 

-36 

+4.1 

-1.8 

-2.3 

-0.1 

from  -14«to  -20*' 

Land  dip-circle  178. — Circle  178,  manufactm^  by  Dover,  was  used  during  Cruise  I. 
While  on  board  the  Carnegie  the  needle  pivots  deteriorated  rapidly,  so  that  very  few  avail- 
able results  were  obtained.  The  adopted  inclination-corrections  are  those  determined 
from  leastHsquare  adjustments  of  data  obtained  during  1908  and  1009,  prior  to  the  Carnegie 
work,  and  are  {^ven  by  the  formuls: 


Needle  1 
Needle  2 
Needle  5 
Needlee 


FA/  =  +0!2+0!4  cos  /  +0!5  sin  / 
FA/=+0.3-0.4cos/  -O.lsin/ 
FA/= +0.2-1.0  cos/ +0.3  sm/ 
FA/ « +0.4+1. 2  cos/ +0.3  sin/ 


The  adopted  correction  for  observed  declinations  by  the  compass  attachment  is  +1  !2. 
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Land  dijhcirde  tOl. — Circle  201,  manufactured  by  Dover,  was  used  during  Cruises  I 
and  II.    The  adopted  inclination-corrections  are  as  follows: 

Cruises  I  and  II  (to  December  1910) : 

Needle  1  FAI «  -OU+O^O  cos  /  -OJS  sin  / 
Needle2    FA/=  -1.9+2.6cos/  +0.48in/ 

Cruise  II  (from  January  1910) : 

Needle  1  FA/ = -0^3+0:8  cos  / -0:4  sin  J 
Needle2  FA/- -1.6+19  cos/ +0.2  sin/ 
Needles^      A/«-1.3for/  =  -  5^ 

A/ =+2.0  for/  =  -30^  to  -45^ 
Needle6^      A/=+2.3for/  =  -  5^ 

The  adopted  correction  for  observed  declination  by  the  compass  attachment  is  —4! 6 
for  Cruises  I  and  II. 

Sea  dip^rdes  189  and  BOS. — ^The  adopted  inclination-corrections  for  the  sea  and  shore 
work  during  Cruises  I,  II,  and  III,  are  given  on  pages  251-252. 

The  adopted  corrections  for  observed  declinations  by  the  compass  attachments  are: 

For  circle  189  on  Cruises  I  and  II   +6'  when  mark  readings  are  made  with  peep  stents. 
For  circle  203  on  Cruise  I  +1'  when  mark  readings  are  made  with  telescope  or 

with  peep  sights. 
For  circle  203  on  Cruise  II  —  1'  when  mark  readings  are  made  with  telescope. 

EaBTH-InDUGTOB  COBBBCnONS. 

The  munerous  comparisons  made  with  earth  inductors  by  the  observers  of  the  Depart- 
ment of  Terrestrial  Magnetism,  in  various  regions  of  the  globe,  have  indicated  that  the 
correction  of  an  earth  inductor  on  standard  is  subject  to  practically  no  change  with  change 
in  magnetic  field.  The  adopted  inclination-corrections  for  the  inductors  are  ^ven  sepa- 
rately for  each  instrument;  they  are  to  be  applied  algebraically,  inclination  of  the  north- 
seeking  end  of  the  needle  below  the  horizon  being  regarded  as  positive,  and  vice  versa. 

Earth  indv4Aor  t. — Inductor  2  of  the  Wild-Eschenhagen  pattern,  manufactured  by 
Toepfer  und  Sohn,  and  modified  somewhat  by  the  Department  of  Terrestrial  Magnetism, 
was  used  on  Cruise  II  from  September  1910.    The  adopted  inclination-correction  is  —01 7. 

Marine  earth-dndudor  S. — ^Values  at  shore  stations  by  inductor  3,  designed  and  con- 
structed by  the  Department  of  Terrestrial  Magnetism,  were  used  to  strengthen  inclination 
determinations  for  some  stations.  The  adopted  inclination-correction  is  the  same  as  that 
used  for  the  sea  work,  viz,  —  1 !  0. 

Magnetorneter-inductor  26. — ^The  inductor  attachment  of  magnetometer-inductor  25, 
designed  and  constructed  by  the  Department  of  Terrestrial  Magnetism,  was  used  at  shore 
stations  on  Cruises  III  and  IV.    The  adopted  inclination-correction  is  — 0!5. 

'Needles  5  and  6  were  used  only  at  2  stations. 


OCEAN  MAGNETIC  OBSERVATIONS  ON  THE  CARNEGIE,  1909-1916. 

EXPLANATORY  REMARKS  FDR  HNAL  RESULTS,  1909^-1914. 

The  same  conventions,  as  nearly  as  possible,  have  been  followed  in  the  presen- 
tation of  the  ocean  magnetic  results  obtained  on  the  Carnegie  during  the  5  years, 
August  1909  to  October  1914,  as  adopted  for  the  land  results  in  Volumes  I  and  II. 

StatianB. — ^It  will  be  seen  that  the  results  are  tabulated  separately  for  each  of  the 
cruises  <A  the  Carnegie^  and  for  each  ocean.  Next  imder  each  cruise  the  stations  or  points 
at  which  the  observations  were  made  are  arranged  chronologically,  and  they  are  numbered 
accordingly.  Thus  for  Cruise  I,  the  stations  are  niunbered  beginning  with  ICI  (Station  1, 
Carnegie  Cruise  I).  For  Cruise  II,  the  numbering  proceeds  chronologically,  beginning  with 
iCn  (Station  1,  Carnegie  Cruise  II).    Similarly  for  Cruise  III,  the  first  station  is  ICIII. 

Geographic  positions. — ^The  second  and  third  columns  contain,  respectively,  the  lati- 
tude and  longitude  (coimted  east  from  Greenwich),  expressed  in  degrees  and  the  nearest 
minute  of  arc.  The  latitudes  and  lon^tudes  for  the  points  of  observation  at  sea  were 
determined  in  accordance  with  the  methods  described  on  pages  225-231 ;  in  general  they 
may  be  regarded  as  correct  within  2  or  3  nautical  miles.  When  no  astronomical  observa- 
tions were  posable  for  several  days  the  error  in  latitude  or  longitude  may  amoimt  to  5,  or 
even  10  miles,  dependent  upon  circumstances.  The  geographic  positions  of  the  harbor 
stations  are  in  general  known  within  1'  of  latitude  and  longitude. 

Date. — ^The  date  on  which  the  magnetic  observations  were  made  is  recorded  in  the 
fourth  column.  The  following  abbreviations  have  been  adopted  for  the  months  of  the 
year:  Jan,  Feb,  Mar,  Apr,  May,  Jun,  Jul,  Aug,  Sep,  Oct,  Nov,  Dec.  The  year  is  indicated 
at  the  head  of  the  column. 

Magnetic  elements. — ^The  values  of  the  magnetic  elements  (declination,  inclination,  and 
horisontal  intensity)  wiU  be  found  in  the  next  colimms  as  observed  at  the  local  mean  time 
(L.  M.  T.),  expressed  to  nearest  0.1  of  an  hour,  opposite  each  value.  Occasionally  it  has 
appeared  desirable,  where  diurnal  variation  in  declination  was  observed,  as,  for  example, 
in  connection  with  the  shore  results  on  pages  296-309,  or  where  numerous  observations 
were  made  during  a  certain  interval,  as  during  a  vessel  swing,  to  give  the  local  mean  times 
of  the  beginning  and  of  the  end  of  the  series,  and  to  indicate  for  land  results  the  niunber  of 
determinations  from  which  the  mean  value  is  derived  by  a  niunber  inclosed  in  parentheses, 
thus,  9^1  to  11^3(7)  is  to  be  read  ''the  mean  is  the  result  of  7  determinations  made  during 
the  interval  9^1  to  11^3,  local  mean  time,  inclusive;''  6M  to  20^3  (dv)  is  to  be  read  ''eye 
readings  of  the  suspended  magnet  were  made  regularly  at  short  intervals  from  6M  to  20^3, 
local  mean  time.''  The  local  mean  times  are  given  according  to  civil  reckoning  and  are 
counted  from  midnight  as  zero  hour  continuously  through  24  hours;  16^,  for  example, 
means  4  o'clock  p.  m. 

The  ocean  values  of  magnetic  declination  and  of  inclination  are  given  in  degrees  and 
minutes  of  arc.  No  claim,  however,  is  made  that  they  are  correct  to  a  minute  of  arc.  In 
general  the  error  in  the  tabulated  value  is  about  5'  to  10'  or  less;  in  some  cases  the  error 
may  be  more,  dependent  upon  the  severity  of  the  conditions  encoimtered  during  the 
observations.  It  was  thought  best  to  retain  the  original  quantities  resulting  from  the 
computations  \mtil  the  various  corrections,  mentioned  below,  have  been  applied. 

Only  the  mean  quantities  resulting  from  the  observations  with  all  instruments  used 
for  any  particular  element  are  given. 

The  values  of  the  horizontal  intensity,  derived  as  exemplified  on  pages  216-220,  236, 
and  247,  with  all  instruments  employed,  are  tabulated  to  the  fourth  decimal  of  the  c.  o.  s. 
unit  of  magnetic  field  intensity.  In  magnetic-survey  work  on  land  the  fourth  decimal  is 
often  imcertain  by  one  or  more  units,  and  in  ocean  work  the  error  may  be  five  or  more 
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units  in  this  decimal  place.  It  is  thus  to  be  understood  that  no  claim  is  made  for  tlw 
correctness  of  the  last  figure;  it  has  been  retained  here  primarily  in  order  that  when  all 
reductions  to  common  epoch  have  been  applied  on  account  of  the  various  magnetic  varia- 
tions, the  error  of  computation  will  be  kept  within  the  desired  limit. 

The  question  whether  to  give  values  of  the  horizontal  intensity  exdusivelyi  or  values 
of  total  intensity,  was  decided  in  the  previous  voliunes,  for  the  practical  reasons  there 
stated,  in  favor  of  the  former. 

The  instruments  used  are  shown  in  the  columns  "Compass''  and  "Dip  Circle."  The 
designations  of  the  various  instruments  employed  will  be  foimd  stated  on  pages  203-211. 
The  term  "Compass"  also  includes  the  "Sea  Deflector"  with  which  both  declinations  and 
horizontal  intensities  were  observed,  as  described  on  pages  190-195.  The  term  "  Dip  Circle  " 
also  includes  the  "Marine  Earth-Inductor,"  and  the  "Sea  Dip-Circle"  when  arranged  for 
measurement  of  the  total  intensity.  The  designation  189.9,10,7^  means  that  inclination 
was  observed  with  sea  dip-circle  189,  using  regular  dip  needles  9  and  10  and  deflected 
needle  7,  and  that,  furthermore,  total  intensity  was  obtained  by  the  deflection  method, 
using  intensity  needles  7  and  8.  Invariably  the  intensity  needles  are  italicized  and  are 
given  last.  The  higher  number  of  the  two  intensity  needles  always  designates  the  chief 
intensity  needle  (the  deflecting  and  the  loaded  needle).  Whenever  the  total  intensity  was 
determined  from  both  loaded-dip  observations  and  deflections,  this  fact  is  shown  by  the 
addition  of  the  dagger  (f);  thus,  e.  g.,  189.9,10,75t.  By  turning  to  the  specimens  of 
observations,  pages  212-225,  any  additional  explimation  required  may  be  obtained. 

The  columns  of  "Remarks"  contain: 

a.  Course. — ^This  is  the  ship's  magnetic  course  (heading)  on  which  the  observations 
were  made.  When  the  word  "swing"  occurs,  this  means  that  the  vessel  was  swung  during 
observations,  to  test  occasionally  the  absence  of  deviation  corrections.  For  all  swings,  the 
local  mean  times  given  in  the  respective  columns  denote  the  times  of  beginning  and  ending 
of  the  swing. 

On  the  Carnegie,  because  of  the  absence  of  deviation  corrections,  it  was  also  possible 
to  make  observations  when  the  vessel's  heading  was  shifting,  as  would  be  the  case  when 
the  vessel  was  "becalmed"  or  "at  anchor." 

6.  Roll. — This  column  records  the  full  angle  through  which  the  ship  rolled,  from  side 
to  side. 

c.  Sea. — ^The  state  of  the  sea  is  indicated  by  the  following  symbols: 


B,  Broken  or  irregular  sea. 

C.  Chopping,  short,  or  cross  sea. 
O,   Ground  swell. 


H,  Heavy  sea. 

L.   Lons  rolling  sea. 

Af .  Moderate  sea,  or  swell. 


R,  Rough  sea. 
S,   Smooth  sea. 
T.  Tide  rips. 


Sometimes  the  combinations  of  symbols  in  the  observers'  records  denoting  the  state 
of  the  sea  appear  incongruous.  In  these  cases  one  particular  letter  was  selected,  after  a 
careful  consideration  of  all  the  symbols  given  by  the  various  observers,  supplemented  by 
the  recorded  ship's  roll  and  by  other  notes. 

d.  Weather. — ^The  sjnaibols  denoting  the  state  of  the  weather  at  the  time  are  those  in 
general  use : 


6.    Clear,  blue  sky. 
Clouds. 


c. 


d.    Driisling  or  light  rain. 
/.     Fog  or  foggy  weather. 

Gloomy,  dark,  stormy. 

Hail. 


i 


I.  Lightning. 

m.  Misty. 

o.  Overcast. 

p.  Passing  showers. 

q.  Squally. 

r.  Rain. 


9. 

t. 
u. 


t;. 

w, 

z. 


Snow. 

Thunder. 

Ugly  appearances,  threatening 

weather. 
Variable  weather. 
Wet  or  heavy  dew. 
Hazy  weather. 


Weights. — ^The  figiu'es  given  in  the  column  marked  "  Wt. "  are  the  weights  assigned  the 
results  on  the  following  scale,  which  expresses,  in  a  general  way,  the  conditions  (sea  and 
weather)  under  which  the  observations  were  made :  1  denotes  severe  or  adverse  conditions, 
2  medium,  and  3  favorable  conditions. 
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The  application  of  variation  corrections  to  the  observed  results  on  account  of  the 
numerous  variations  of  the  Earth's  magnetism,  e.  g.,  diurnal  variation,  secular  variation, 
magnetic  perturbations,  etc.,  is  deferred  to  the  volume  in  which  all  the  magnetic  data, 
obtained  both  on  land  and  sea,  are  summarized  and  reduced  to  a  common  epoch.  (That 
volume,  probably  No.  V,  can  not  appear  imtil  some  time  after  the  completion  in  1917  of  the 
Carnegie's  present  cruise.  Whether  it  will  be  worth  while,  in  the  case  of  the  ocean  data,  to 
apply  any  other  corrections  than  those  on  account  of  secular  change  will  there  receive 
consideration.)  To  avoid  imdue  delay  in  the  promulgation  of  the  accumulated  data,  and 
in  view  of  the  inaccuracies  of  the  magnetic  charts  at  present  in  use,  it  is  considered  best  to 
publish  the  observed  results  as  obtained  with  no  corrections  applied  except  the  reductions 
to  magnetic  standards,  as  fully  explained  in  the  section  on  thiis  subject  (see  pp.  232-256). 
However,  since  for  the  magnetic  elements  tabulated  the  precise  date  and  local  mean  time 
of  each  observation  are  given,  the  reader  is  supplied  with  the  required  information  in  case, 
for  some  purpose  of  his  own,  he  desires  to  reduce  the  observed  values  to  some  mean  time. 

Combining  Weights  Assigned  to  Different  Instruments  and  Methods. 

The  tabulated  values  of  the  magnetic  elements  are  the  weighted  means,  usually  of 
two  or  more  results,  obtained  with  two  different  instruments,  or  by  two  different  methods. 

To  obtain  the  weighted  mean  value  of  the  declination,  the  results  with  the  standard 
compass  (marine  collimating-compass,  CI)  were  given  a  combining  weight  2,  whereas  the 
auxiliary  results  with  sea  deflector  (D3,  D4)  received  the  weight  1. 

The  weighted  mean  value  of  the  inclination  was  obtained  by  assigning  the  weight  2 
to  the  result  from  each  dip  needle  and  the  weight  1  to  the  result  derived  from  each  complete 
observation  of  deflected  dip.  Hence,  the  inclination  results  from  long  and  short  distance 
each  received  a  weight  of  1,  or  if  the  observation  at  one  distance  was  repeated,  the  result 
was  ^ven  a  weight  of  2.  At  the  stations  where  the  inclination  was  determined  both  with 
the  dip  circle  and  the  earth  inductor,  the  dip-circle  result,  obtained  as  just  described, 
was,  in  general,  combined  with  the  earth-inductor  result  by  giving  equal  weights  to  the 
two  instruments.  When  these  two  results  differed  by  more  than  0?2,  the  dip  circle  was 
given  weight  2  and  the  earth  inductor  weight  1.  While  the  earth  inductor  on  land  gives 
results  superior  to  those  of  the  dip  circle,  certain  difficulties  enter  in  marine-inductor 
work  which  have  not  yet  been  entirely  overcome. 

The  weighted  mean  value  of  the  horizontal-intensity  results  was  obtained  by  assign- 
ing weights  3,  2,  and  1  to  the  sea-deflector  results,  the  sea  dip-circle  results  by  deflections, 
and  the  sea  dip-circle  results  by  loaded  needle,  respectively,  when  the  various  results  were 
obtained  imder  normal  sea  conditions.  But  when  the  observations  were  made  under 
unfavorable  conditions  of  motion  or  with  small  values  of  horizontal  intensity,  the  weights 
assigned  were  then  6, 4, 1,  in  the  order  designated.  In  some  exceptional  cases  equal  weights 
were  assigned  the  results  obtained  by  sea  deflector  and  by  sea  dip-circle  (deflected  dip  or 
loaded  dip),  as  in  the  case  of  swings,  exceptionally  quiet  conditions,  etc. 

The  weights  referred  to  above  are  not  to  be  confused  with  the  figures  which  appear  in 
the  "Wt."  columns  of  the  Table  of  Results.  The  tabular  weights  refer  to  the  conditions 
as  to  sea  and  weather  under  which  the  observations  were  made  (see  p.  258). 

EXPLANATORY  REMARKS  FOR  PRELIMINARY  RESULTS,  1915-1916.  CRUISE  IV. 

To  meet  the  requests  received  from  various  hydrographic  establishments,  it  has  been 
decided  to  give  in  this  volume,  in  addition  to  the  final  results  of  the  ocean  magnetic  work 
on  the  Galilee  and  the  Carnegie^  1905-1914,  the  preliminary  results  for  the  subsequent 
work.  These  preliminary  values  of  the  magnetic  elements  are  derived  from  computations 
made  and  checked  aboard  the  vessel,  and  are  dependent  upon  preliminary  values  of  instru- 
mental constants.  Accordingly,  they  are  subject  to  future  revision  when  the  office  com- 
putations are  made  with  the  final  instrumentiBJ  constants.    It  is  not  probable,  however, 
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that  there  will  be  many  cases  in  which  the  values  of  declination^  or  of  indinationy  will  be 
changed  by  more  than  0?1,  and  the  values  of  the  horizontal  intcoisity  by  more  than  0.001 
c.  o.  8.  Since  the  errors  of  the  present  magnetic  charts  are  many  times  greater  than  the 
possible  corrections  mentioned,  the  preliminary  values  here  published  will  answer  all  prac- 
tical requirements.  As  will  be  seen,  the  tables  (pp.  288-295)  apply  to  the  present  cruise 
(lY)  and  extend  up  to  the  arrival  of  the  Carnegie  at  San  Francisco,  September  21,  1916. 
For  the  reasons  stated,  the  values  of  the  magnetic  declination  and  of  the  inclination  are 
tabulated  only  to  the  nearest  0?1,  and  the  values  of  the  horizontal  intensity  to  the  nearest 
0.001  c.  G.  s. 

DISTRIBUTION  OF  STATIONS,  1909-1916. 

The  following  table  shows  for  each  cruise  of  the  Carnegie  the  number  of  da3rs  at  sea, 
the  length  of  the  cruise  in  nautical  miles,  the  number  of  tabulated  values,  respectively,  of 
declination,  inclination,  and  horizontal  intensity;  next  the  average  time  interval  as  weU 
as  the  average  distance  apart  between  the  observations.  It  will  be  seen  that  there  has 
been  a  steady  increase  in  efficiency  as  the  work  has  advanced,  the  average  time  interval 
and  the  average  distance  apart  of  the  observations  being  botii  less  for  the  later  cruises 
than  for  the  first.  For  the  total  length  of  cruises,  up  to  end  of  September  1916  (160,615 
nautical  miles),  the  magnetic  observations,  whether  of  declination,  inclination,  or  hori- 
zontal intensity,  were  made  practically  every  day  at  an  average  distance  apart  of  93  to 
138 
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CruiBe 

Number 

Number  of  Stations 

Average  Time  Interval 

Average  Distance  Apart 

Dasrs 

MUes 

Decl'n 

Ind'n 

Hor.  Int. 

Ded'n 

Ind'n 

Hor.  Int. 

Decl'n 

Ind'n 

Hor.  Int. 

1,1909-10 

11,1910-13 

111,1914 

IV,  1916-16 

I,  II,  III,  and  IV 

96 
798 

84 
376 

9,600 
92,829 

9,660 
48,626 

98 

868 
108 
666 

68 
648 

81 
369 

69 
643 

80 
368 

d 

1.0 
0.9 
0.8 
0.6 

d 

1.4 
1.2 
1.0 
1.0 

d 

1.4 
1.2 
1.0 
1.0 

Miles 

98 

108 

89 

73 

Miles 

141 
143 
118 
132 

139 
144 
119 
132 

1,363 

160.616 

1,729 

1,166 

1,160 

0.8 

1.2 

1.2 

93 

138 

138 

OBSERVERS  AND  COMPUTERS. 

The  Table  of  Ocean  Results  dififers  from  the  Table  of  Land  Results,  published  in 
Volumes  I  and  II,  in  one  other  respect  besides  those  abeady  stated  in  the  foregoing  explana- 
tions, namely,  that  the  observers'  initials,  for  practical  reasons,  had  to  be  omitted.  The 
magnetic  results  for  any  one  day  are  the  combined  product  of  all  the  observers  aboard  at 
the  time.    Those  who  took  part  in  the  observations  for  the  various  cruises  are  as  follows: 

Camegief  Cruise  I. — J.  P.  Ault,  L.  A,  Bauer,  C.  C.  Craft,  E.  Kidson,  W.  J.  Peters,  and 
R.R.  Tafel. 

Carnegie^  Cruise  II. — L.  A.  Bauer,  C.  C.  Craft,  H.  M.  W.  Edmonds,  E.  Eidson,  H,  D. 
Frary,  C,  W.  Hewlett,  H.  F.  Johnston,  W.  J.  Peters,  and  H.  R.  Schmitt, 

Carnegie,  Cruise  III. — J.  P.  Ault,  H.  M.  W.  Edmonds,  H.  F.  Johnston,  and  I.  A.  Luke. 

Carnegie,  Cruise  IV. — ^J.  P.  Ault,  H.  M.  W.  Edmonds,  H.  F.  Johnston,  B.  Jones,  I.  A. 
Luke,  F.  C.  Loring,  and  H.  E.  Sawyer. 

The  chief  persons  who  have  taken  part,  at  various  times,  in  the  determination  of 
instrumental  constants  and  comparisons  at  Washington  in  the  final  office  reductions,  or  in 
the  preparation  of  results  for  publication,  are:  J.  P.  AuU,  L.  A.  Bauer,  J.  J.  Carey,  C.  C. 
Craft,  C.  R.  DuvaU,  H.  M.  W.  Edmonds,  C.  C.  Ennis,  H.  W.  Fisk,  J.  A.  Fleming,  H.  D. 
Harradon,  H.  F.  Johnston,  E.  Eidson,  R.  R.  Mills,  J.  H.  Millsaps,  W.  J.  Peters,  A.  D.  Power, 
H.  R.  Schmitt,  and  J.  A.  \^dmer.  Those  whose  names  are  italicized  have  borne  the  chief 
brunt  of  the  work  at  Washington. 
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Cbuibb  II,  OCEAN, 
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Final  Results  of  Ocean  Maqnbtic  Obbeevationb,  1909-14 
Cbumi  II,  ATLANTIC  OCEAN,  19lO-l9U~-Condud«d. 


Chuisb  II.  INDIAN  OCEAN,  1911. 


■  M*tah  U  M  Afdl  as  «k*  OvMfte  «M  M  Op*  Totb. 


OCBAN  Magnktic  Qbbbbtations,  1905-16 
Crdisb  II,  INDIAN  OCEAN,  1911— Continued. 
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Cbuisb  II,  INDIAN  OCEAN,  1911— Continued. 
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OcBAN  MAomnc  OsanTATioira,  1005-16 
Ckoibb  n,  INDIAN  OCEAN,  1011— CotubitM. 


Cruisb  II,  PACIFIC  OCEAN,»  1911-1913. 
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Cbumb  II,  PACIFIC  OCEAN,  1911-1913— ConHnued. 
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Cruibb  II,  PACIFIC  OCEAN,  Wll-in^-CorUinMd. 


Final  Rxsitutb  of  Ocean  Maqnstic  Obsehvationb,  1009-14 
Camsi  II,  PACIFIC  OCEAN,  1911-1913— Conduced. 


BtaPmi^irMtt 


Ocean  Maqnbtic  Observations,  1906-10 
Chuisb  n,  ATLANTIC  OCEAN,  1913. 
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19 

19 

33 

5 

6 

7 

7 

8 

8 

8 

8 

9 

9 


Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Aug 
Auc 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Aug  10 
Aug  10 
Aug  10 
Aug  11 
Aug  11 
Aug  11 
Aug  13 
Aug  13 
Aug  13 
Aug  13 
Aug  13 
Aug  13 
Aug  13 
Aug  15 
Aug  15 
Aug  15 
Aug  16 
Aug  16 
Aug  16 
Aug  17 
Aug  17 
Aug  17 
Aug  18 
Aug  18 
Aug  19 
Aug  19 
Aug  30 
Aug  30 
Aug  31 
Aug  31 
Aug  31 
Aug  38 
Aug  33 
Aug  33 
Aug  33 
Aug  33 
Aug  33 
Aug  34 
Aug  34 
Aug '34 
Aug  85 


DaoUna- 
tion 


• 
13.4  E 
12.7  E 
12.6  E 


12.9  B 

12.8  E 
12.8  E 
13.2  E 

13.8  B 

H.OB 
U.OE 
14.1  E 

u!4B 
16.5  B 

16.4  8 
16.4  E 

15.1  E 
14.7  E 
15.4  E 

i6!4B 

18.6  E 
12.5  E 

11.4  E 
11.6  E 

9.4  E 

10.3  E 

9.3  E 

7.6  E 

6.7  E 

6.9  E 
6.1  E 

4.8  E 
4.7  E 

8.7E 
3.3  E 

3.3  B 

i!9E 

1.7  E 

8.1  B 
1.7B 

i.8B 
0.8  E 

6.7  B 
0.7  B 

0.8  B 
0.3  B 


tioo 


57. 3N 

58.1  N 


60.4  N 
63.1  N 


65.4  N 


67.6  N 

68.3  N 

60.4  N 


69.7  N 


70.0  N 
WON 


70.3  N 


69.5  N 


67.9  N 


67.8  N 


66.8  N 


64.7  N 


68.1  N 
63.3  N 


60.5  N 
60.4  N 


68.4  N 


87.4  N 
66.7N 


Hor. 
Int. 


e.  g.  0. 


.344 


.318 


196 
189 


184 


.186 
.184 


188 


188 


198 


.307 


.317 


.381 
.387 


ohip. 
•Mass  oTlkTM  poiitkioi. 


*MaaD  of  two  poiitif 

<Takao  at  aMbor,  Dotok  Haibor. 


K>o«Mi  180lh  BMTidlaB. 


daiaAi 
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Lat. 

Long 
ofG 

.  E. 

Ir. 

Date 

Declina- 
tion 

Inclina- 
tion 

Hor. 
Int. 

Station 

Lat. 

Long.  E. 
ofGr. 

Date 

Declina- 
tion 

Hor. 

Button 

tion 

lat. 

2S5Ciy 

o 

44 
44 

41 

40 

39 

38 

38 

37 

36 

36 

36 

35 

34 

34 

34 

33 

33 

32 

31 

31 

30 

30 

30 

29 

29 

28 

28 

28 

27 

27 

27 

26 

25 

25 

23 

22 

21 

20 

21 

21 

21 

21 

21 

21 

21 

20 

20 

20 

20 

19 

19 

19 

18 

18 

17 

16 

16 

15 

15 

14 

14 

14 

14 

14 

13 

13 

13 

13 

13 

29N 
21  N 
19  N 
33N 
31  N 
30N 

15  N 
50N 
51  N 
23N 
06N 
13  N 
55N 
54N 
26N 
33N 
22N 

16  N 
34N 

13  N 
28N 
03N 
02N 

18  N 
06N 
57N 
89N 
ION 
59N 
41  N 

17  N 
44N 
50N 
87N 

19  N 
09N 
56N 

17  N 
27N 
30N 

31  N 
21  N 

15  N 
02N 
01  N 
40N 
39  N 
37  N 

18  N 
50N 
44N 

14  N 
45N 
36  N 

32  N 
43N 
34N 
29N 
06N 
33N 
13  N 
17  N 

16  N 
OON 
4SN 
47  N 
46N 
27N 
21  N 

o 

163 

163 

163 

163 

163 

164 

164 

164 

164 

165 

165 

166 

167 

168 

169 

170 

170 

170 

171 

171 

171 

171 

171 

170 

170 

170 

170 

170 

170 

170 

169 

169 

168 

168 

167 

167 

167 

167 

169 

169 

169 

169 

169 

168 

168 

168 

168 

168 

167 

167 

166 

166 

166 

166 

165 

165 

165 

165 

165 

165 

164 

164 

165 

165 

166 

166 

166 

166 

165 

12 

10 

30 

35 

49 

09 

13 

16 

28 

09 

25 

42 

47 

07 

44 

19 

30 

48 

04 

10 

18 

06 

06 

42 

39 

35 

16 

05 

04 

01 

49 

23 

43 

35 

30 

06 

02 

10 

07 

19 

22 

47 

19 

32 

30 

13 

07 

04 

41 

06 

55 

28 

11 

06 

33 

21 

21 

17 

12 

11 

50 

55 

01 

33 

11 

16 

24 

05 

58 

1916 
Aug   25 
Aug   25 
Aug  26 
Aug  26 
Aug  27 
Aug  27 
Aug  27 
Aug  27 
Aug  28 
Aug  28 
Aug  28 
Aug  29 
Aug  29 
Aug  29 
Aug  30 
Aug  30 
Aug  30 
Aug  31 
Aug  31 
Aug  31 
Sep      1 
Sep      1 
Sep      1 
Sep      2 
Sep      2 
Sep      2 
Sep      3 
Sep      3 
Sep      3 
Sep      3 
Sep      4 
Sep     4 
Sep      4 
Sop     4 
Sep      5 
Sep      5 
Sep      5 
Sep     6 
Sep     7 
Sep     7 
Sep      7 
Sep      8 
Sep      8 
Sep      9 
Sep      9 
Sep    10 
Sep    10 
Sep    10 
Sep    11 
Sep    11 
Sep    11 
Sep    12 
Sep    12 
Sep    12 
Sep    13 
Sep    13 
Sep     13 
Sep    14 
Sep    14 
Sep    14 
Sep    15 
Sep    15 
Sep    15 
Sep    16 
Sep    16 
Sep    16 
Sep    17 
Sep     17 
Sep    17 

e 

0.4  E 

1.2E 
1.8E 

2.2  E 
2.1  E 

2.4  E 

3.1  E 

4.0  E 

4.2  E 

5.5  E 

5.6  E 

6.1  E 

6.3  E 

6.8  E 

6.9  E 
6.6E 

6.4  E 
6.8  E 

6.4  E 
6.6  E 
6.6  E 
6.4  E 

6.4E 
6.5E 

6.3  E 

6.8  E 

7.0E 

7.4  E 

7.1  E 
7.0E 

6.9  E 
7.0E 

6.6  E 

7.0  E 

6.6E 

6.6  E 

7.1  E 
6.7E 

6  6E 
6.9  E 

6.7  E 
6.9  E 

7.2E 
7.1  E 

7.0  E 

e 
56.1  N 

e.  g. ». 

.257 

324CrV 

325CrV» 

326CIV 

327CrV 

328CIV 

329CIV 

330CIV 

331CIV 

332CIV 

333CIV 

334CIV 

335CIV 

336CIV 

337CIV 

338CIV 

339CIV 

340CIV 

34icrv 

342CIV 
343CIV 
344CIV 
345CIV 
346CIV 
347CIV 
348CIV 
349CIV 
350CIV 
351CIV 
352CIV 
353CrV 
354CIV 
355CIV 
356CIV 
357CIV 
358CIV 
359CIV 
360CIV 
361CIV 
362CrV 
363CIV 
364CIV 
365CIV 
366CIV 
367CIV 
368CIV 
369CIV 
370CIV 
371CIV 
372CIV 
373CIV 
374CIV 
375CIV 
376CIV 
377CIV 
378CIV 
379CIV 
380CIV 
381CIV 
382CIV 
383CIV 
384CIV 
385CIV 
386CIV 
387CIV 
388CIV 
389CIV 
390CIV 
391  CIV 
392CIV 

e 

12 

12 
11 
11 
11 
11 
10 
10 
9 
9 
8 
8 
8 
8 
7 
7 
6 
6 
5 
5 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
8 
2 
2 
2 
2 
2 
1 
2 
2 
1 
0 
0 
1 
2 
2 
3 
4 
4 
4 
5 
5 
5 
6 
6 
7 
7 
8 
9 
9 
9 
10 
11 
11 
12 
12 
12 
13 

29N 

02N 

57  N 

31  N 

14  N 

13  N 

40N 

OON 

46N 

17  N 

47  N 

40N 

06N 

04N 

45N 

19  N 

52N 

42N 

56N 

09N 

56N 

23N 

17  N 

16  N 

04N 

52  N 

40N 

40N 

36N 

25N 

16  N 

UN 

01  N 

59N 

56N 

28N 

20N 

20N 

55N 

OON 

05N 

01  N 

ION 

04S 

31  S 

25S 

40S 

46S 

24  S 

29S 

58S 

12  S 

49  S 

56S 

30  S 

31  S 
20S 
55S 
OSS 
09S 
36  S 
44S 
24S 
20S 
56S 
12  S 
24  S 
54S 
01  S 

• 

165 
164 
164 
164 
164 
164 
164 
164 
163 
163 
163 
163 
163 
163 
163 
164 
164 
164 
164 
164 
164 
164 
163 
163 
163 
163 
163 
163 
163 
163 
162 
162 
162 
162 
162 
161 
161 
161 
160 
160 
160 
160 
159 
159 
159 
160 
160 
160 
161 
161 
161 
162 
163 
163 
164 
164 
163 
163 
163 
162 
162 
162 
162 
162 
161 
161 
161 
160 
160 

i 

01 
36 
32 
23 
14 
12 
06 
00 
56 
41 
33 
29 
32 
39 
47 
05 
16 
20 
38 
38 
33 
14 
58 
54 
50 
58 
56 
50 
45 
02 
51 
42 
05 
06 
06 
53 
36 
82 
34 
41 
50 
07 
51 
50 
43 
03 
11 
54 
16 
21 
48 
20 
29 
36 
02 
03 
25 
12 
09 
50 
42 
36 
44 
81 
48 
28 
22 
45 
42 

1916 
Sep    18 
Sep    18 
Sop    18 
Sep    19 
Sep    19 
Sep    19 
Sep    20 
Sep    20 
Sep    20 
Sep    21 
Sep    21 
Sep    21 
Sep    22 
Sep    22 
Sep    22 
Sep    23 
Sep    23 
Sep    23 
Sep    24 
Sep    24 
Sep    24 
Sep    25 
Sep    25 
Sep    25 
Sep    26 
Sep    20 
Sep    27 
Sep    27 
Sep    27 
Sep    28 
Sep    28 
Sep    28 
Sep    29 
Sep    29 
Sep    29 
Sep    30 
Sep    80 
Sep    30 
Oet      1 
Oet      1 
Oct      1 
Oct      2 
Oet      2 
Oct      2 
Oct      3 
Oet      3 
Oct      3 
Oct      4 
Oct      4 
Oct      4 
Oct      5 
Oct      5 
Oct      6 
Oct      6 
Oct      7 
Oct      7 
Oct      8 
Oct      8 
Oct      8 
Oct      9 
Oct      9 
Oct      9 
Oct    10 
Oct    11 
Oct    11 
Oct    11 
Oct    12 
Oct    12 
Oct    12 

• 
7.2  E 

6.1  E 
7.1  B 

6.8  B 
7.0  B 

6.8  E 

7.0  E 

6.8  E 

7.1  E 

7.2  E 

7.2  E 
7.6  E 

7!6B 
7.4  B 

7.2  B 
7.4  E 

7!8E 

7.8  E 

7.8  E 

7^2  8 
7.2  E 

7.18 

7.1  B 

6.9  E 
6.9  E 

6.8  E 
6.8  E 

6.8  E 

6.9  E 

7.8  E 
7.4  E 

7.4  E 
7.6  E 

8.2  E 

8.0E 

8.0  E 

8.2  E 

8.5  E 

8.1  E 

8.2  E 
8.2  E 

8.2  E 

o 

e.  g. ». 

286CrV 

13.0N 

.338 

257CIV 

53.3  N 

.262 

258CIV 

260CIV 

18.1  N 

.382 

260Ciy 

50.6  N 

.269 

261Ciy 

2e2CIV 

10.7  N 

.836 

263Ciy> 

aMcrv 

48.2  N 

.275 

265Ciy 

8.6  N 

.840 

aoeciv 

267CIV 

46.9  N 

.275 

268Ciy 

7.2N 

.341 

200crvi 

270CIV 

45.8  N 

.274 

271CIVI 

6.2  N 

843 

27aciv 

273CrV 

44.1  N 

.277 

a74CIV 

1.7  N 

.848 

275Ciy 

270Ciy 

42.3  N 

.281 

STTCIV 

0.18 

.850 

278Ciy 

379CTV 

40.9  N 

.283 

saociv 

0.8  8 

.361 

281CIV 

ssaciv 

283Ciy 

40.0  N 

.286 

1.08 

.368 

284Ciy 

286CIV 

2.48 

354 

380CIV 

287crv 

36.7  N 

.291 

288CIV 

3.2  8 

.354 

289CIV 

290Ciy 

32.0  N 

.301 

201CIV 

4.8  8 

.857 

292CIV 

29.4  N 

.304 

203CIV 

2WCIV 
295CIV 

31.2  N 

.300 

5.7  8 

.857 

296CIV 

297CIV 
298CIV 

30.6  N 

.303 

9.5  8 

.362 

299CIV 

30.4  N 

.303 

300CIV 

14.6  8 

365 

301CIV 

29.8  N 

.304 

302CIV 

303CrV 

18.0  8 

366 

804CIV 

28.2  N 

.307 

305CIV 

306CIV 

19.5  8 
90.4  8 

867 

307CIV 
308CIV 

26. 2N 

.312 

.368 

309CrV 

21.2  8 

367 

310CIV 

22.6  N 

.317 

311CIV 

312CIV 

24.7  8 

368 

313CIV 

20.4  N 

.321 

314CrV 

315CIV 

27.5  8 

366 

316CIV 

18.8  N 

.323 

317CIV 

29.08 

365 

318CIV 

319CIV 
320CIV 

18.4  N 

^323 

82.28 

.362 

321CIV 

322CIV 
323CIV 

17.9  N 

.324 

84.0  8 

.860 

*Local  disturbanoe;  near  Marshall  Islands. 


>Mean  of  two  positions. 
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Cbotm  IV,  PACIFIC  OCEAN,  1915— Continued. 


B^aldon 

Lot. 

Lonf.  E. 
of  Or. 

Date 

Declina- 
tion 

Inclina- 
tion 

Hor. 
Int 

8tation 

Lat. 

Loi 
E.o( 

•fir. 

Date 

Declina- 
tion 

Inolin*. 
tion 

Hor. 
Int. 

lOtCIV 

• 

18 
14 
14 
16 
16 
17 
18 
19 
20 
21 
21 
21 
22 
22 
28 
23 
28 
23 
24 
26 
26 
26 
27 
28 
28 
29 
30 
30 
32 

628 
028 
14  8 
338 
418 
028 
878 
628 

16  8 
848 
448 
608 
078 
208 
10  8 
408 
438 
668 
868 
488 
238 
888 
848 

17  8 
868 
488 
208 
488 
19  8 

• 
150 
159 
150 
158 
168 
158 
167 
167 
167 
167 
187 
157 
156 
156 
167 
157 
167 
166 
156 
166 
166 
164 
164 
164 
164 
166 
166 
166 
166 

68 
34 
19 
41 
16 
08 
46 
31 
24 
22 
12 
05 
61 
62 
00 
00 
00 
60 
13 
83 
06 
67 
32 
26 
80 
12 
41 
64 
69 

1916 
Oet    13 
Oet    13 
Oet    13 
Oet    14 
Oet    14 
Oet    14 
Oet    15 
Oet    16 
Oet    15 
Oet    16 
Oet    16 
Oet    16 
Oet    17 
Oet    17 
Oet    18 
Oet    18 
Oet    18 
Oet    19 
Oet    19 
Oet    20 
Oet    20 
Oet    20 
Oet    21 
Oet    21 
Oet    21 
Oet    22 
Oet    22 
Oet    22 
Oet    23 

e 

8.2  E 

8.0  E 
7.9  E 

8.1  B 
8.4  B 

8.3  E 
9.0  E 

8.9  E 
9.0  E 

8.7E 

9.0  E 

9.0  E 

9.1  E 

8.7  E 
9.6  B 

9.4E 
9.6  E 

10.0  E 
10.6  B 

e 

c.  0'  •• 

422CIV 

423CIV« 

424CIV" 

425CIV 

426Ciy 

427CIV 

428Ciy 

429Ciy 

430CIV 

431CIV 

432Ciy 

433CIV 

434C1V 

435CrV 

436CIV 

437CIV 

438CIV 

439CrV 

440CIV* 

441CIV 

442CIV 

443CrV« 

444CIV 

445CIVt 

446CIV 

447CIV 

448CIV 

449CIV 

450CIV 

o 

33 

33 

35 

35 

35 

36 

36 

37 

37 

37 

38 

38 

38 

39 

39 

39 

41 

42 

42 

43 

45 

45 

46 

46 

46 

46 

44 

44 

43 

f 

308 
488 
32  8 
458 
548 
228 
19  8 
008 
208 
278 

12  8 
358 
418 
14  8 
218 
358 
57  8 
10  8 
318 
588 

13  8 
368 
318 
418 
10  8 

14  8 
278 
16  8 
428 

e 

157 
157 
158 
158 
158 
159 
159 
160 
161 
161 
161 
161 
161 
161 
162 
162 
162 
162 
162 
163 
164 
164 
167 
168 
170 
172 
172 
172 
173 

t 

25 

34 

14 

28 

48 

51 

50 

40 

23 

27 

47 

51 

52 

57 

04 

10 

26 

38 

42 

29 

30 

53 

20 

13 

26 

00 

44 

60 

09 

1916 
Oet    23 
Oet    23 
Oet    24 
Oet    24 
Oet    24 
Oct    25 
Oct    25 
Oct    26 
Oet    26 
Oet    26 
Oct    27 
Oct    27 
Oct    27 
Oet    28 
Oct    28 
Oct    28 
Oct    29 
Oct    29 
Oct    29 
Oet    30 
Oet    30 
Oet    30 
Oet    31 
Oet    31 
Not     1 
Not    2 
Not     2 
Not    2 
Not    3 

e 

11. IE 
11. 5B 

11.7  E 
12.9  B 

13.0  B 

13.0  E 

13.3  B 

13.2  B 
13.5  E 

14.0  E 
14.7  E 

15.0  B 

15.7  E 

16.4  E 

16.8  E 

17.7  B 

17.2  E 

17.1  B 

• 
62.18 

e.  g.  9. 
.267 

8MCIV 

36.2  8 

.358 

loaciv 

64.3  8 

.254 

30VCIV 

40.8  8 

.852 

SOSCIV 

aoQCiv 

64.48 

.268 

400CIV* 

46.48 

.340 

401CIV 

64.9  8 

.247 

MOCIV 

4O0Ciy 

48.7  8 

.328 

404CIV 

66.08 

.241 

406CIV 

#»dV 

49.4  8 

.327 

407CIV 

66.0  8 

.287 

406CIV 

51.18 

.321 

406CIV 

4iociy 

68.8  8 

.281 

411CIV 

62.68 

.315 

4iaciy 

4iaciy 
4i4crv> 

64.8  8 

.307 

70.8  8 

.204 

415Giy 

4iaciy 

417Ciy 

57.3  8 

.294 

71.4  8 
70.6  8 

.200 
.206 

418CIV 

419CIV 

4aociv 

59.4  8 

.286 

68.7  8 

.219 

inciv 

Cbxjisb  IV,  SOUTHERN  OCEANS,  1915-1916. 


451CIV 

• 

43 

46 

46 

47 

48 

40 

49 

40 

49 

60 

60 

60 

61 

61 

68 

68 

63 

63 

64 

63 

68 

64 

64 

64 

66 

66 

65 

66 

66 

66 

66 

67 

67 

5B 

69 

80 

r 

47  8 
048 
278 
378 
10  8 
038 
18  8 
288 
668 
208 
288 
348 
278 
298 
038 
288 
348 
618 
18  8 
468 
448 
12  8 
888 
468 
12  8 
288 
208 
488 
008 
068 
068 
218 
868 
268 
16  8 
268 

• 

173 
174 
174 
176 
176 
178 
179 
1T9 
180 
182 
183 
182 
184 
184 
186 
187 
187 
187 
188 
189 
189 
191 
192 
192 
193 
196 
196 
196 
197 
198 
198 
202 
202 
204 
905 
206 

20 
89 
61 
16 
39 
20 
01 
13 
47 
00 
26 
43 
10 
13 
18 
10 
17 
44 
18 
23 
47 
10 
00 
14 
36 
36 
38 
84 
27 
06 
24 
21 
46 
22 
68 
18 

1916 
Deo     6 
Deo     7 
Dee     7 
Deo     8 
Doo     8 
Deo     9 
Deo     9 
Dee     9 
Dee     9 
Dee     9 
Dee     9 
Deo     9 
Dee   10 
Dee    10 
Dee   11 
Dee   11 
Deo   11 
Dee   11 
Doo   12 
Dee   12 
Dee   12 
Dee   13 
Dee   13 
Deo   13 
Dee   14 
Dee   14 
Dee   14 
Deo   14 
Deo   16 
Dee   16 
Deo   16 
Deo   16 
Dee   16 
Doo   17 
Deo   17 
Deo   17 

o 
17.1  E 
17.9  B 

18.3  B 
18.6  E 

20.4  E 

20.4  E 

21.5  E 
20.9  B 

21.3  E 

22.4  E 

21.5  E 

22.0  E 

22.1  E 

22.3  E 

22.6  E 

23.3  E 
22.9  E 

23.5E 
23.0  E 
24.3  E 

24.0  E 

25.7  E 

26.8  E 

27.0E 

o 

e.  g. «. 

487CIV 
488CIV 
489CIV 
490CIV 
491CIV 
492CrV 
403CIV 
494C1V 
496CrV 
496CIV 
497CIV 

^8crv 

499CIV 
600CIV 
501CIV 
502CIV 
503CIV 
504CIV 
505CIV 
506CIV 
607CIV 
508CIV 
509CIV 
510CIV 
611CIV 
512CIV 
513CIV 
614CIV 
616C1V 
616CIV 
517CIV 
518CIV 
519CIV 
620C1V 
521CIV 
622CIV 

o 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
59 
69 
69 
59 
60 
60 
60 
59 
69 
59 
59 
59 
59 
59 
59 
59 
59 
69 
59 
58 
58 
68 
58 
68 
68 
68 

# 

16  8 
10  8 
18  8 
208 
208 
268 
32  8 
32  8 
10  8 
098 
468 
408 
398 
388 
32  8 
338 
068 
418 
378 
14  8 
10  8 
10  8 
088 
068 
058 
078 
098 
078 
038 
648 
47  8 
488 
488 
488 
488 
488 

o 
208 
209 
212 
214 
216 
218 
221 
221 
227 
22^/ 
230 
231 
232 
232 
235 
236 
235 
236 
236 
241 
242 
244 
247 
250 
251 
254 
257 
267 
268 
261 
263 
264 
266 
267 
268 
269 

42 
28 
42 
56 

31 
49 
04 
08 
27 
32 
32 
11 
30 
44 
56 
14 
39 
28 
34 
34 
58 
09 
40 
16 
16 
23 
18 
36 
34 
00 
88 
05 
01 
82 
67 
80 

1916 
Dee    18 
Dee    18 
Dee    19 
Dee    19 
Dee   19 
Dee  20 
Dee  20 
Dee  20 
Doe  21 
Dee  21 
Dee  22 
Dee   22 
Deo  22 
Dee  22 
Dee   23 
Dee   23 
Dee   24 
Dee  24 
Dee   24 
Dee   26 
Deo  25 
Dee   25 
Dee   26 
Dee  26 
Dee   26 
Doe  27 
Dee  27 
Dee  27 
Dee   27 
Doe   28 
Doe   28 
Dee  28 
Dee   28 
Doe   29 
Deo  29 
Dee   29 

e 

29.5  B 

29.3  B 

30.7  E 

30.6  E 

3o!9E 

80.4  E 
30.9  E 

30.8  B 

82!oB 

32.7  B 

82!4E 

81 .6  B 

31.7  B 

3i.7E 
31.4  E 
31.3  B 

31.6  B 

31.9  E 

8l!oE 

80.7  E 

31.0  E 

80.4B 
80.2  E 

29.1  E 

28.8  B 

• 

e.r  «. 

4B9Ciy* 

74.8  8 

.169 

4B8C1V 

70.0  8 

.206 

464CIV 

74.2  9 

.176 

4S6CIV 

70.6  8 

.205 

406CIV 

4S7CIV 

48Bdy 

71.2  8 

.199 

78.8  8 

.182 

4S8CIV* 

72.2  8 

.192 

tiociy 

71.4  8 

.198 

481Ciy 

4nciv 

408CIV 
4MCiy 

72.18 

.191 

71.08 

.201 

406CIV 

406CIV 
4fl7CTV 

72.9  8 

.184 

70.6  8 

.908 

4S8CIV 

70.0  8 

.209 

40OCIV 

430CIV 

73.18 

.185 

4nCTV 

68.4  8 

.219 

4nciv 

479CIV 

73.18 

.185 

474CIV 

66.6  8 

.238 

€78Ciy 

€76Ciy 

73.28 

.184 

4TIC*iV 

64.6  8 

.840 

€nciv 

499CIV 

Ifl^lV 

73.28 

.182 

48lCrlV 

62.4  8 

.280 

4BIC1V 

73.68 

.179 

4nciv 

4MCnf 

«8Ciy 
4nciv 

74.6  8 

.172 

60.7  8 

.167 

*Looal  dtotarboBoo;  bmt  CLoitwfioVi  roeit  and  ftdets.  tLoeal  dkturlMUMo;  poMJng  throogli  Foreaaz  Strmit. 

tLcur  Trim  ol  doeHnalion  at  alatioo  414CIV  tfNAMtw  eaniad  by  unfaTorablo  oboinriac  ooaditioBa. 
litMi  ttf  Imr  nttrfHtmt  ^CVomwI  lODth  mwidlaD.  hapoo,  date  Doo.  9  rouoatea- 
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Cbuisb  IV,  southern  OCEANS,  191&-191^-Continued. 


SUtion 

Lat. 

Long. 
ofG 

E. 
r. 

Date 

Deolina- 
tion 

InoUna- 
tion 

Hot. 
Int. 

SUtion 

Ut. 

Lone 
OfG 

E. 

fr. 

Date 

DeeUnar 
tion 

Inclina- 
tion 

Hot. 
Int. 

628CIV 

o 

68 
58 
58 
58 
59 
59 

59 

59 

59 

59 

60 

60 

59 

59 

59 

59 

60 

59 

59 

50 

58 

58 

58 

57 

57 

56 

56 

55 

55 

54 

54 

54 

53 

53 

53 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

54 

53 

53 

53 

54 

54 

53 

53 

53 

53 

53 

53 

54 

54 

54 

54 

/ 
488 
498 
498 
508 
028 
088 

12  8 
228 
258 
588 
088 
068 
568 
418 
418 
538 
008 
338 

12  8 
048 
47  8 
418 
008 
858 
268 
218 
208 
358 
288 

18  8 
16  8 
098 
57  8 
548 
548 

16  8 
14  8 
14  8 

17  8 

19  8 
418 
428 
348 
368 
32  8 
308 
298 
288 
19  8 
IBS 

18  8 
17  8 
16  8 
538 
458 
418 
218 
228 
488 
32  8 
32  8 
39  8 
448 
47  8 
038 

13  8 
16  8 
338 

e 

270 
271 
272 
273 
274 
275 

277 

280 

280 

284 

286 

286 

289 

291 

292 

294 

294 

295 

297 

298 

800 

303 

306 

308 

306 

813 

313 

315 

315 

319 

319 

321 

321 

321 

322 

323 

325 

326 

327 

328 

332 

332 

334 

336 

342 

344 

345 

345 

349 

350 

350 

351 

357 

358 

358 

0 

2 

2 

4 

6 

6 

9 

10 

10 

14 

16 

16 

19 

/ 

14 
53 
08 
02 
53 
37 

39 

39 

52 

31 

12 

20 

42 

40 

39 

05 

42 

59 

54 

51 

42 

10 

53 

17 

58 

05 

06 

18 

41 

17 

24 

37 

28 

46 

06 

38 

27 

03 

51 

38 

02 

10 

48 

33 

12 

22 

19 

25 

48 

28 

51 

24 

17 

10 

37 

39 

16 

36 

19 

00 

21 

22 

28 

54 

35 

08 

30 

55 

1016 
Deo  80 
Deo  30 
Deo  30 
Deo   31 
Deo  31 
Deo  31 

1916 
Jan      1 
Jan      1 
Jan      1 
Jan      2 
Jan      2 
Jan      2 
Jan      3 
Jan      3 
Jan      8 
Jan      4 
Jan      4 
Jan      5 
Jan      5 
Jan      5 
Jan      6 
Jan      6 
Jan      7 
Jan      7 
Jan      7 
Jan      8 
Jan      8 
Jan      9 
Jan      9 
Jan    10 
Jan    10 
Jan    11 
Jan    11 
Jan    11 
Jan    11 
Jan    12 
Jan    15 
Jan    15 
Jan    15 
Jan    15 
Jan    16 
Jan    16 
Jan    17 
Jan    17 
Jan    18 
Jan     19 
Jan    19 
Jan     19 
Jan    20 
Jan    20 
Jan    20 
Jan    20 
Jan    21 
Jan    21 
Jan    21 
Jan    22 
Jan    22 
Jan    22 
Jan    23 
Jan    23 
Jan    23 
Jan    24 
Jan    24 
Jan    24 
Jan    25 
Jan    25 
Jan    25 
Jan    26 

o 

28.6  E 

27.8  E 

27.9  B 

26.8  E 

25.8  E 

24.7  E 

22.7  E 

22.4  E 

20.4  E 

18.7  E 
19.1  E 

17.8  E 

16.5  E 

15.1  E 

14.2  E 
13.8  E 

8.8  E 
7.4  E 

3.9  E 
2.4  E 

1.4W 

3.4  W 

3.1  W 

3.6  W 

4.7  W 
5.7  W 
6.2W 

7.7W 

10.6  W 

12.1  W 

17.3  W 
17.5  W 

20. OW 

20.4  W 

20. IW 

22.8W 
24.3  W 
25. 2W 

24. 7W 
25.3  W 

26. 2W 
27.1  W 

27.0W 

28.5  W 

28.4W 
28.8  W 

e 

e.  g.  $. 

591CIV 
592CIV 
593CIV 
594CIV 
595CIV 
596CIV 
597CIV 
598Ciy 
599CIV 
600CIV 
601CIV 
602CIV 
603CIV 
604CIV 
605CIV 
606CIV 
607CIV 
606CIV 
609CIV 

6iocrv 

611CIV 

6i2crv 

613CIV 
614CIV 
615CIV 
616CIV 
617CIV 
618CIV 
619CIV 

620crv 

621CIV 
622CIV 
623CIV 
624CrV 
625CrV 
626CIV 
627CIV 
628CrV 

629crv 

630CIV 

631CIV 

632CIV 

633CIV 

634CIV 

635CIV 

636CIV 

637CIV 

638CIV 

639CIV 

640CIV1 

641  CIV 

642CIV 

643CIV 

644CIV 

645CIV 

646CrV 

647CIV 

648CIV 

649CIV 

650CIV 

651CIV 

652CIV 

653CIV 

654CIV 

655CIV 

656CIV 

657CIV 

658CIV 

659CIV 

• 

54 
54 
54 
54 
53 
53 
53 
52 
52 
52 
52 
52 
52 
51 
51 
51 
50 
49 
49 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
49 
49 
49 
49 
49 
60 
60 
51 
51 
51 
52 
52 
51 
50 
50 
49 
49 
49 
47 
46 
46 
44 
43 
43 
41 
40 
40 
40 
39 
37 
37 
37 
35 
35 
35 
34 
34 
34 
34 
35 

t 

288 
278 
15  8 
17  8 
568 
338 
258 
558 
518 
348 
468 
448 
428 
538 
238 
10  8 
068 
298 
188 
868 
868 
858 
858 
848 
848 
348 
448 
448 
488 
008 
038 
058 
248 
898 
098 
388 
14  8 
268 
428 
19  8 
288 
418 
47  8 
288 
268 
118 
068 
388 
52  8 
358 
398 
49  8 
32  8 
47  8 
59  8 
488 
338 
028 
588 
458 
348 
588 
418 
32  8 
558 
228 
098 
548 
098 

• 

22 

22 

26 

26 

29 

31 

32 

34 

35 

37 

38 

39 

39 

42 

48 

44 

46 

47 

48 

50 

51 

51 

52 

54 

55 

56 

60 

60 

60 

63 

64 

64 

66 

67 

68 

60 

71 

72 

73 

75 

76 

77 

78 

78 

80 

81 

81 

82 

83 

84 

85 

86 

87 

88 

88 

88 

88 

89 

90 

90 

91 

92 

93 

93 

95 

96 

96 

95 

95 

t 

00 
16 
16 
57 
43 
85 
12 
65 
19 
26 
40 
80 
52 
83 
87 
02 
23 
48 
17 
00 
26 
58 
13 
00 
43 
08 
23 
80 
59 
29 
08 
85 
12 
56 
01 
85 
80 
10 
22 
36 
29 
12 
14 
38 
49 
10 
16 
58 
59 
16 
58 
47 
02 
12 
44 
51 
58 
49 
43 
53 
02 
32 
33 
56 
20 
13 
23 
36 
30 

1916 
Jan    26 
Jan    26 
Jan    27 
Jan    27 
Jan    28 
Jan    28 
Jan    28 
Jan    29 
Jan    29 
Jan    29 
Jan    80 
Jan    30 
Jan    30 
Jan    81 
Jan    31 
Jan    31 
Feb     1 
Feb     1 
Feb     1 
Fdb     2 
Feb     2 
Feb     2 
Feb     2 
Feb     3 
Feb     8 
Feb     8 
Feb     4 
Feb     4 
Feb     4 
Feb     5 
Feb     5 
Feb     5 
Feb     6 
Feb     6 
Feb     6 
Feb     7 
Feb     7 
Feb     7 
Feb     8 
Feb     8 
Feb     8 
Feb     9 
Feb     9 
Feb     9 
Feb    10 
Feb    10 
Feb    10 
Feb    11 
Feb    11 
Feb    11 
Feb    12 
Feb    12 
Feb    12 
Feb    13 
Feb    13 
Feb    13 
Feb    13 
Feb    14 
Feb    14 
Feb    14 
Feb    14 
Feb    15 
Feb    15 
Feb    15 
Feb    16 
Feb    16 
Feb    16 
Feb    17 
Feb    17 

• 

29.2  W 
29.6W 

29.5W 

29.5W 

30.6  W 

30.2  W 

31.3  W 

32.0W 
31.5  W 

81 .3  W 

80.8  W 

81  .OW 

80.9  W 

81  [7  W 

81 .8  W 
88.1  W 

92.5  W 

85.0  W 

85.1  W 

34.4  W 

siiiw 

87.7  W 

88.5  W 

80.6  W 

40.0W 
41. 5  W 
43. IW 

41.7  W 

41.5  W 

42.3W 

40.2  W 

41 .9  W 
39.2W 

38.0W 
35.9W 

34.4  W 

30.8  W 

30.4  W 
29.7  W 
28.0  W 

25.6W 
26.4W 

22.9  W 

22.7  W 

21.8  W 
20. 5W 

18.6  W 
20.6  W 

e 
65.8  8 

e.  g.  9. 
.164 

fi24CIV 

59.7  8 

.259 

625CrV 

520CIV 

66.6  8 

.161 

627CIV 

59.18 

.260 

528CIV 

e7.1B 

.160 

• 

529CIV 

680CIV 

581CIV 
582GrV 

58.2  8 

.261 

67.5  8 

.157 

583CIV 
584CIV 

57.18 

.262 

67.9  8 

.156 

535CIV 



586CIV 
537CrV 

55.6  8 

.264 

68.0  8 

.166 

638CIV 

689CIV 
640CrV 

55.2  8 

.263 

67.7  8 

.168 

541CIV 

58.9  8 

.264 

542Ciy 

68.0  8 

.168 

648CIV 

644CIV 

52.9  8 

.262 

64SCIV 

54aciv 

647CIV 

51.4  8 

.258 

67.6  8 

.168 

548CIV 

50.0  8 

.254 

649CIV> 

68.0  8 

.166 

650CIV 

561CIV 

49.6  8 

.250 

662CIV 

68.2  8 

.168 

663CIV 

48.6  8 

.246 

fi54Ciy 

56SCIV 
550CIV 

48.9  8 

.242 

68.7  8 

.170 

M7CIV 

A68Ciy> 

69.3  8 

170 

569CIV 

saocrv 

661CIV 
662CIV 

50.1  S 

.234 

70.6  8 

.170 

563CIV 

664CIV 
665CIV 

51.18 

.230 

70.7  8 

.168 

666CIV 
567CIV 

52.9  8 
54.38 

.220 
.214 

71.2  8 

.168 

56SCIV 

569CIV 

670CIV 
671CIV 

55.08 

.211 

70.9  8 

.172 

572CIV 

673CrV 
674CIV 

56.9  8 

.203 

70.4  8 

.178 

676CIV 

59.08 

.196 

676CIV 

69.5  8 

185 

677CIV 

578CIV 

679CIV 

60.5  8 

.188 

SSOCIV 

68.7  8 

194 

581CIV 

582CIV 

61.8  8 

.181 

583CIV 

6S4CIV 

67.9  8 

201 

585CIV 

63.08 

.176 

586CIV 

687CIV 

67.2  8 

.210 

688CIV 

64.5  8 

.171 

589CIV 

690CIV» 

67.5  8 

.207 

^Mean  of  two  poaitiona. 


*Entranoe  to  Cumberland  Bay,  8ooth  Qeorsia. 
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Cbuisb  IV,  SOUTHERN  OCEANS,  191^1916— Conduded. 


Btetion 

Lai. 

Lone.  E. 
ofOr. 

Date 

Declina- 
tion 

Inelina^ 
lion 

Hot. 
Int. 

SUtion 

Lat. 

Long.  E. 
ofGr. 

Date 

Declina- 
tion 

IncUnar 
tton 

Hot. 
Int. 

•OOCIV 

• 

36 
86 

35 
35 
36 
87 
87 
88 
39 
39 
40 
41 
43 
48 
46 
46 
47 
47 
47 
47 
47 
47 
40 
50 
50 
S3 
S3 
58 
54 
54 
57 
67 
67 
58 
58 
50 
50 
50 
57 
56 
56 
54 
68 
58 
68 
51 
51 
51 
40 
48 
48 
46 
45 
45 
45 
45 
44 
44 
44 
43 
43 
43 
41 
41 

# 

118 
10  8 
588 
568 
088 
13  8 
448 
088 
338 
578 
048 
488 
438 
078 
318 
488 
398 
588 
588 
558 
488 
518 
18  8 
18  8 
358 
048 
508 
038 
188 
508 
10  8 
17  8 
818 
408 
508 
348 
348 

17  8 
468 
388 

18  8 
888 
868 
358 
038 
348 
308 
878 
438 
588 
368 
468 
438 

lis 

088 
008 
588 
588 
448 
588 
448 
058 
368 
338 

• 

05 
06 
07 
07 
07 
07 
07 
07 
08 
00 
00 
100 
100 
100 
101 
101 
101 
103 
103 
108 
108 
104 
104 
106 
105 
106 
106 
107 
107 
107 
108 
108 
108 
109 
109 
110 
110 
110 
111 
113 
113 
113 
113 
113 
114 
115 
117 
117 
119 
130 
180 
133 
133 
134 
135 
135 
136 
136 
136 
136 
136 
137 
137 
188 

33 
58 
30 
34 
36 
88 
33 
84 
38 
84 
35 
18 
31 
36 
36 
43 
58 
03 
04 
56 
SO 
08 
85 
OS 
19 
16 
49 
08 
89 
38 
17 
36 
44 
80 
36 
31 
34 
51 
50 
33 
33 
84 
SO 
51 
04 
56 
03 
34 
SO 
37 
S3 
88 
18 
56 
13 
53 
04 
00 
33 
37 
40 
36 
50 
03 

1916 
Feb    18 
Feb    19 
Feb    19 
Feb    19 
Feb    19 
Feb   80 
Feb   80 
Feb   30 
Feb    31 
Feb   31 
Feb   31 
Feb   33 
Feb   33 
Feb   33 
Feb   33 
Feb    33 
Feb   34 
Feb   34 
Feb   34 
Feb   35 
Feb   35 
Feb   35 
Feb   36 
Feb   36 
Feb   36 
Feb    87 
Feb   37 
Feb   37 
Feb   as 

vtb  as 

Feb    39 
Feb   39 
Feb   39 
Mar     1 
Mar     1 
Mar     1 
Mar    1 
Mar     1 
Mar    3 
Mar    3 
Mar    3 
Mar    3 
Mar    3 
Mar    3 
Mar    3 
Mar    4 
Mar    4 
Mar    4 
Mar    5 
Mar    5 
Mar    5 
Mar    6 
Mar    6 
Mar    7 
Mar    7 
Mar    8 
Mar    8 
Mar    8 
Mar    9 
Mar    9 
Mar    9 
Mar  10 
Mar  10 
Mar  10 

o 

31.9  W 
31  OW 

30.1  W 
19.7  W 
31 .4  W 

33.3  W 
33.0  W 

33.7  W 
35.6W 

36.3  W 

31 .8  W 

33.6  W 

33.4W 
33.0  W 

30.3  W 
33.7W 

34.4  W 
36.5W 

37.4W 

40.4  W 

45.9  W 

45.4W 
49.6W 

49.7  W 

50.6  W 

60.5  W 
44.5  W 

41.8  W 
36.3W 

33.0  W 

31.8  W 

35.9  W 

83.3W 

17.4  W 

14.9  W 
10.4  W 

6.1  W 

5.7  W 

5.0  W 
4.9  W 

4.0W 
3.3W 

0.8W 

o 

68.3  8 

C.  0.  «. 

.303 

734CIV 

735CIV 

736CIV 

737CIV 

73SCIV 

739CIV 

730CIV 

731CIV 

733CIV 

733CIV 

73401V 

735C1V 

736CIV 

737CIV 

738CIV 

739C1V 

740CIV 

741CIV 

743CIV» 

743CIV« 

744CIV 

745CIV 

746CIV 

747CIV 

748CIV« 

749CIV 

750CIV 

751CIV> 

763CIV 

753CIV 

754CIV 

755CIV 

756CIV 

757CIV 

768CIV 

759CIV 

760CIV 

761CIV* 

763CIV 

763CIV 

764CIV* 

765CIV 

7e6CIV 

767C1V 

768C1V 

760CIV 

770CIV 

771C1V 

773CIV 

773CIV 

774CIV 

776CIV 

776CIV 

777CIV 

778CIV 

779CrV 

780CIV 

781CIV 

783CIV 

783CIV 

784CIV 

785CIV 

786CIV 

787CIV 

• 

40 
40 
39 
39 
39 
39 
40 
40 
41 
43 
43 
43 
45 
46 
47 
48 
48 
49 
50 
SO 
51 
53 
54 
54 
54 
56 
56 
56 
56 
57 
57 
57 
57 
57 
57 
56 
56 
56 
56 
56 
56 
54 
54 
54 
53 
53 
53 
53 
51 
50 
50 
48 
48 
48 
48 
47 
47 
46 
45 
45 
44 
44 
44 
43 

368 
318 
438 
398 
898 
57  8 
438 
498 
018 
878 
308 
508 
418 
548 
088 
348 
568 
098 
308 
338 
008 
13  8 
US 
878 
378 
868 
368 
378 
408 
088 
13  8 
358 
068 
118 
13  8 
57  8 
508 
538 
458 
418 
338 
358 
10  8 
098 
078 
47  8 
418 
308 
368 
438 
308 
498 
388 
378 
13  8 
408 
13  8 
398 
588 
508 
508 
448 
318 
388 

e 

138 

130 

130 

130 

130 

139 

180 

130 

130 

130 

130 

130 

130 

130 

130 

133 

133 

133 

133 

133 

138 

133 

131 

133 

133 

133 

133 

133 

134 

135 

135 

135 

137 

138 

139 

143 

143 

144 

144 

146 

147 

150 

151 

151 

153 

154 

156 

156 

150 

161 

161 

163 

164 

164 

167 

168 

160 

170 

171 

171 

173 

173 

173 

173 

f 
59 
01 
36 
88 
45 
57 
06 
06 
08 
51 
58 
55 
SO 
40 
51 
10 
54 
SO 
56 
54 
43 
03 
54 
07 
08 
54 
17 
37 
36 
48 
50 
53 
54 
57 
10 
07 
38 
33 
51 
57 
34 
40 
30 
33 
50 
37 
33 
54 
54 
14 
34 
30 
33 
44 
06 
10 
15 
33 
14 
33 
31 
57 
04 
06 

1916 
Mar  11 
Mar  11 
Mar  11 
Mar  11 
Mar  11 
Mar  13 
Mar  13 
Mar  13 
Mar  la 
Mar  13 
Mar  13 
Mar  13 
Mar  14 
Mar  14 
Mar  14 
Mar  15 
Mar  15 
Mar  15 
Mar  16 
Mar  16 
Mar  16 
Mar  17 
Mar  17 
Mar  17 
Mar  17 
Mar  18 
Mar  18 
Mar  18 
Mar  19 
Mar  19 
Mar  19 
Mar  19 
Mar  30 
Mar  30 
Mar  30 
Mar  31 
Mar  81 
Mar  33 
Mar  33 
Mar  33 
Mar  33 
Mar  34 
Mar  34 
Mar  34 
Mar  35 
Mar  35 
Mar  36 
Mar  36 
Mar  37 
Mar  37 
Mar  37 
Mar  38 
Mar  38 
Mar  38 
Mar  39 
Mar  39 
Mar  39 
Mar  30 
Mar  30 
Mar  30 
Mar  31 
Mar  31 
Mar  31 
Apr     1 

• 
0.5  W 
0.4  W 

6.1  E 
0.3  E 
0.4  E 

0.1  E 
0.3  E 
0.3  E 

0.3  W 
0.7  W 

1.3W 
1.8W 

1.3W 
1.8W 

1.4W 
S.3W 

6.7W 
6.1  W 
8.9  W 

8.3W 
7.9W 

4.6W 

5.3  W 
8.9  W 

0.8  E 

4.4  E 

6.8E 
11.8  E 

14.3  E 

13.8  E 
15.8  E 

16.0  E 

17.6  E 

17!7E 

17.4  E 

17.5  B 
17.8  E 

18.0  E 

18.3  E 

17.8  E 

17.6  E 

17.4  E 
17.3  E 

• 

e.  g.  %. 

•61CIV 

anciv 

668Ciy 

68.4  8 

.803 

71.18 

.301 

604CIV 

668Ciy 

anciv 

667dV 

69.3  8 

.196 

71.9  8 

.194 

668Ciy 

aoQcnr 

70.9  8 

.186 

SVDCiV 

73.9  8 

175 

671CIV 

iTSdV 

73.3  8 

.174 

flTaciv 

76.5  8 

168 

674CIV 

74.4  8 

.159 

e7sciv 

6V6CIV 

77.8  8 

.138 

•77CIV 

75.3  8 

.153 

678Ciy 

ivyciv 

78.88 

.138 

aeociY 

75.5  8 

.153 

•61CIV 

6BX:iV 

80.9  8 

.106 

«B9CIV 

76.5  8 

.141 

604CIV 

tssciv 

686CIV 
667CIV 

78.3  8 

.189 

83.6  8 

.088 

688CIV 

asociv 

600CIY 

79.0  8 

.133 

83.7  8 

.086 

691CIV 

80.08 

.113 

SBSdV 

668Ciy 

83.4  8 

088 

60«CIV 

606CIV 

80.6  8 

.105 

600CIY 

83.18 

.003 

607CIV 

6O0CIV 

81.6  8 

.007 

6INKJ1V 

80.3  8 

.108 

70DCIV 

81.3  8 

.108 

701CIV 

70BCIV 
7QBCIV 

79.58 

.118 

79.18 

.136 

TOICTV 

706CIV 

78.18 

.137 

706CIV 

79.38 

.130 

77.3  8 

.145 

70BCIV 

TOQcnr 

710CIV> 

78.0  8 

.136 

75.3  8 

.163 

711C1V> 

TUCIV 

Tucrv 

76.0  8 

.154 

73.3  8 

.183 

714CIV 

75.6  8 

.160 

716CrV» 

73.0  8 

.103 

nsciv 

75.6  8 

.161 

717CIV 

Tiaciv 

70.3  8 

.308 

71QCIV 

74.7  8 

.168 

TSOCIV 

711C1V> 

69.0  8 

.317 

Taaciv 

73.8  8 

.185 

TSSCIV 

>Mean  of  two  poationa.  ^Swincing  ahip,  itarboard  helm,  6  pointa. 

"Declination  obtained  from  obeenrationa  on  the  moon. 

<Tbe  boriaoBlaMnteniitj  Tahiea  ranged  from  0.008  to  0.110,  indicating  a  disturbance  of  acme 
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Cruibe  IV,  PACIFIC  OCEAN,  1916. 


Station 


788CIV« 

789Ciy 

790CIV 

791CIV 

792CIV 

7WCIV 

794CrV 

7B6CIV 

79eciv 

7»7CIV 
7WCIV 
7WCIV 
800CIV 

fioicrv* 

802CIV 
803CrV 
804CrV 
806CIV 

8O0Ciy 

807CIV 
806CIV 
SOOCIV 
810CIV 
811CIV 
812CIV 
818CIV 
814CIV 
816CIV 

8ieciv 

817CIV 
818Ciy 

8iociy 

820ClVa 

821CIV 

822CIV 

823Ciy 

824Ciy 

825Ciy 

828CIV 

827CrV 

828CIV 

829CIV 

830CIV 

831CIV 

832CIV 

833CrV 

834CIV 

835CIV 

836CIV 

837CIV 

838CIV 

839CIV 

840CrV 

841CIV 

842CIV 

843CIV 

844CIV 

846CIV 

846CIV 

847CIV 

848CIV 

849CIV 

850CIV 

85icrv 

862CIV 
853CIV 
854CIV 
856CrV 
856CIV 


Lftt. 


o 

43 
43 
43 
43 
43 
43 
42 
43 
43 
43 
43 
43 
44 
44 
43 
43 
43 
41 
41 
40 
39 
39 
89 
37 
87 
36 
35 
34 
33 
33 
31 
30 
30 
30 
30 
30 
29 
28 
28 
28 
27 
26 
26 
24 
24 
24 
22 
22 
19 
18 
18 
18 
16 
16 
14 
14 
12 
11 
11 
9 
9 
8 
7 
6 
5 
4 
3 
3 
1 


32  8 
338 
418 
648 
578 
078 
588 
368 
438 
598 
558 
558 
10  8 
14  8 
578 
258 

16  8 
47  8 
008 
508 
57  8 
458 
428 
268 

13  8 
218 
508 
068 

18  8 
048 

14  8 
428 
508 
588 
368 
338 
078 
568 
428 
418 

19  8 
32  8 

17  8 
67  8 
338 
248 
258 
228 
30  8 
458 
278 
238 
OSS 
048 
37  8 
17  8 
32  8 
308 

15  8 
348 
048 
568 
15  8 
14  8 
518 
19  8 
238 
02  8 
518 


Long.  E. 
of  Or. 


72  48 

72  56 

74  07 

74  40 

74  43 

7i  19 

74  13 

75  40 
.76  11 

76  34 

76  55 

77  40 

78  51 

79  06 

81  24 

82  06 
82  18 
84  05 
84  30 

84  36 

85  39 
85  47 

85  47 

86  25 
86  28 

86  48 

87  01 
87  18 
87  21 
87  18 
86  11 

85  06 

86  02 

86  26 

87  45 

87  56 

88  15 

88  48 
.89  47 

89  54 
91  30 
91  36 
91  37 
91  41 
91  37 
91  34 

90  67 
90  56 
90  04 
89  05 
89  05 
89  05 
89  31 
89  32 
89  33 
89  06 

88  58 

89  13 
89  18 
89  28 
89  20 
89  22 
89  06 
88  43 
88  35 
88  01 
87  50 
87  46 
87  09 


Dat« 


1916 
May  10 
May  17 
May  18 
May  18 
May  18 
May  19 
May  19 
May  20 
May  20 
May  21 
May  21 
May  22 
May  22 
May  22 
May  22 
May  22 
May  22 
May  23 
May  23 
May  23 
May  24 
May  24 
May  24 
May  25 
May  25 
May  25 
May  25 
May  26 
May  26 
May  26 
May  27 
May  27 
May  28 
May  28 
May  29 
May  29 
May  30 
May  31 
May  31 
May  31 
Jun   1 


Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jun 
Jiin 
Jun 
Jun 


1 

1 

2 

2 

2 

3 

3 

4 

5 

5 

5 

6 

6 

7 

19 

20 

20 

20 

21 

21 

21 

22 

22 

22 

23 

23 

23 

24 


Declina- 
tion 


o 

17.0  E 
16.3  E 
17.2  E 


17.2  E 
17.1  E 


17.2  E 
17.6  E 


17.6  E 

17.6  E 
17.9  E 


17.4  E 

16.7  E 

16.6  E 

16.7  E 

16.2  E 

15.7  E 

15.4  E 

15.2  E 

14.2  E 

14.2  E 

13.5  E 

13.6  E 

13.2  E 

13.1  B 

13.3  E 

12.4  E 

12.2  E 

12.0  E 

11. 8E 

11. 5E 

10.7  E 

10.4  E 

9.8  E 

9.9  E 
10.1  E 

9.6  E 


9.4  E 

8.9  £ 

8.8E 

8.9  E 

8.6  E 

9.0  E 

8.6  E 
8.4  E 


Inclina- 
tion 


o 
68.0  8 


68.08 


67.5  8 
67.68 


67.7  8 
67.6  8 


66.68 


63.9  8 
62.6  8 


59.68 


56.4  8 


53.8  8 
54.18 


52.8  8 
51.6  8 


51.3  8 


47.7  8 


45.18 
42.58 


38.4  8 
36.58 
32.6  8 


24.4  8 


19.7  8 


14.0  8 


8.28 


Hot. 
Int. 


e.  g.  i. 
.225 


.223 


.229 
.227 


.226 
.226 


.233 


.248 


.258 


.272 


.288 


.298 
.298 


.301 
.305 


.307 


.318 


.324 
,330 


.340 
.345 
.349 


.356 


.357 


>  Odo 


,357 


Station 


857CIV 

858CIV 

859Ciy 

860CIV 

861CIV 

862CIV 

863CIV 

864CIV 

865CIV 

866CIV 

867CIV 

868CIV 

869CIV 

870CIV 

871CIV 

872CIV 

873CIV* 

874CIV 

875CIV 

876CIV 

877CIV 

878CIV 

879CIV 

880CrV 

881CIV 

882CIV 

883CIV 

884CIV 

885CIV 

886CIV 

887CIV 

888CIV 

889CIV 

890CIV 

891CIV 

892CIV 

893CIY 

894Ciy 

895CIV 

896CIV 

897CIV 

898CIV 

899CIV 

900CIV 

901CIV 

902CIV 

903CIV 

904CIV 

905CIV 

906CIV 

907CIV 

908CIV 

909CIV 

910CIV 

911CIV 

912CIV 

913CIV 

914CIV 

915CIV 

916CIV 

917CIV 

918CIV 

919CIV 

920CIV 

921CIV 

922CIV 

923CIV 

924CIV 

925CIV 


Lat. 


• 
1 
0 
0 
0 
0 

1 

2 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

13 

14 

15 

15 

15 

15 

16 

16 

16 

17 

17 

17 

18 

18 

18 

19 

19 

19 

20 

20 

20 

20 

20 

20 

20 

9 

9 

9 

9 

9 

8 

8 

7 

7 

6 

6 

6 

5 

5 

4 

4 

4 

4 

3 

3 

3 

4 

5 

6 

7 


12  8 

558 

17  N 

44N 

52N 

42N 

27N 

40N 

54N 

52N 

ION 

48N 

52N 

16  N 
40N 
50N 
UN 
44N 
06N 

17  N 
29N 
OON 
03N 
35N 
43N 
04N 
80N 
36N 
06N 
28N 
37N 
06N 
24N 
33N 

12  N 
32N 
41  N 
17  N 
22N 
24N 

31  N 
24N 
22N 
07N 
54N 
49  N 
29N 
17  N 
08N 
28N 
04N 
55N 
20N 
58N 
50N 

13  N 
49N 
39N 
54N 
38N 

32  N 
OON 
54N 
52N 
35  N 
38N 
24N 
4SN 
24N 


Lone.  E. 
ofGr. 


86  50 

86  45 

86  11 

86  03 

86  58 

85  06 

84  24 

84  10 

88  12 

82  45 

82  37 

81  56 

81  36 

81  22 

80  40 

80  14 

79  50 

79  13 

78  50 

78  62 

77  36 

76  36 

76  23 

74  80 

74  17 

72  48 

71  51 

71  87 

70  37 

09  53 

69  32 

67  59 

67  14 

67  01 

65  46 

65  03 

64  41 

63  30 

62  50 

62  36 

61  44 

60  58 

60  43 

59  56 

59  15 

58  59 

58  05 

57  31 

57  11 

55  51 

55  02 

54  44 

53  29 

52  42 

52  23 

51  10 

50  25 

50  07 

48  41 

47  54 

47  32 

45  45 

45  38 

45  30 

44  39 

44  25 

44  14 

44  12 

44  30 


Date 


1916 

Jun  24 

Jun  24 

Jun  25 

Jun  36 

Jun  25 

Jun  26 

Jon  26 

Jun  26 

Jun  27 

Jun  27 

Jun  27 

Jun  28 

Jun  28 

Jun  28 

Jun  29 

Jun  29 

Jun  29 

Jul  1 


Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 


1 
1 

2 
2 
2 
3 

3 
4 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
7 
8 
8 
8 
9 
9 
9 


Jul  10 

Jul  10 

Jul  10 

Jul  11 

Jul  11 

Jul  11 

Jul  12 

Jul  12 

Jul  12 

Jul  13 

Jul  13 

Jul  13 

Jul  14 

Jul  14 

Jul  14 

Jul  15 

Jul  15 

Jul  15 

Jul  16 

Jul  16 

Jul  16 

Jul  17 

Aug  8 

Aug  8 

Aug  9 

Aug  10 


Declina- 
tion 


8.6  E 

8.7  E 

8.6  B 

8.6  B 

8.8  B 

0.2  B 

8.9  B 

8.8  B 

'9.0  E 

9.2  B 

9.4  B 

0.1  B 

8.4  B 

0.1  B 

O.OB 

9.0  B 

8.6E 

silB 

8.0  B 

7.5  E 

7.3  B 

6!7E 

6.5  B 

6.7  B 

6.0  B 

5.2  B 

4.9  E 

•  •••••  I 

4.8  E 
4.4  E 


4.1  E 

4.1  E 

3.7  E 

3.6  E 

3.2  E 

3.0E 

3.2E 

2.7  E 

2.5E 

2.5  E 

2.2  E 

1.9  E 
2. IE 
2.1  E 
1.3  E 


Inclina- 
tion 


3.0s 


0.4  8 


3.1  N 


7.6  N 


13. IN 


17.9  N 


21.2  N 


23.7  N 


24.4  N 
24.6  N 


25.6  N 


26.0  N 


26.1  N 


27.7  N 


28.3  N 


26.5  N 


25.6  N 


23.1  N 


21.5  N 


19.0  N 


16.6  N 
15.3  N 


18.3  N 

20.4  N 
20.9  N 


Int. 


e.  g.  a. 
.352 


.348 


.348 


.843 


.334 


.324 


.314 


.812 


.311 
!8U 


.811 


.813 


.307 


.315 


.317 


325 


.329 


.335 


.341 
347 


.344 

343 

.344 


^Swinging  ship  off  New  Brighton  Beach,  N.  Z. 
*CroMed  ISOtn  meridian,  hence,  date  May  22  repeated. 


"Mean  of  two  poeitiona. 

OtMoed  180th  meridian,  hence  date  June  SO  omitted. 


Pbxldiinabt  Results  of  Ocean  Magnetic  Observations,  191&-16 


205 


Cbxtisb  IV,  PACIFIC  OCEAN,  I91&-C(mcluded. 


SUtion 


«96CIV 

sarciv 
«88crv 
nociv 

980CIV 
081CIV 

«8aciv 

989CIV 
084CIV 
886CIV 
986CIV 
987CIV 
«88CIV 
MOCIV 
940CIV 

wicrv 

M2CIV 
MKTV 
944CIV 
M5CIV 
MACIV 

•47crv 

MSCIY 
040Ciy 
MOCIV 
061CIV 
062CIV 
ft69CIV 
M4CIV 
Q65CIV 
MOCIV 
0ff7CIV 
960CIV 
MOCIV 
OOOCIV 
Q61CIV 

96aciv 
oaaciv 

M4CIV> 
066CIV 
9e8CIV 
9e7CIV» 

oeacrv 
oeacrv 

•70CIV 

mciv 

972CIV 
972CIV 
074CIV 
•76CIV 
078CIV 


Lat. 


o 

17 
17 
18 
10 
30 
23 
23 
26 
26 
27 
27 
20 
30 
30 
30 
30 
30 
31 
32 
34 
36 
36 
38 
38 
38 
40 
40 
42 
43 
43 
44 
45 
45 
46 
46 
46 
46 
46 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
48 
48 


26N 
60N 
ION 
12N 
14  N 
08N 
56N 
29N 
84N 
22N 
88N 
82N 
ION 
14  N 
14  N 
27N 
34N 
40N 
09N 
35N 

12  N 
40N 

17  N 
25N 
50N 
11  N 
41  N 
41  N 
03N 

13  N 
24N 
ION 
21  N 
20N 
27N 
64N 
67N 
67N 
05N 
03N 

14  N 

15  N 

18  N 
20N 
25N 
26N 
28N 
42N 
46N 
OON 
26N 


Long.  E. 
of  Or. 


e  / 

44  33 

44  19 

44  14 

43  36 

43  35 

44  27 
44  30 
44  35 
44  84 
44  18 
44  14 
44  07 
44  00 
44  06 
44  27 
44  13 
44  07 
43  31 
43  50 
46  38 

49  58 

50  54 
53  31 

53  43 

54  25 
56  28 
56  51 
58  15 
58  34 
58  40 

58  50 
50  26 

59  32 

60  12 
60  38 

62  58 

63  19 
63  27 
65  22 

65  21 

66  54 

67  13 

67  40 

68  10 

69  02 
69  24 
69  40 

71  42 

72  03 
74  24 
76  02 


Date 


1916 
Aug  10 
Aug  11 
Aug  11 
Aug  12 
Aug  12 
Aug  13 
Aug  13 
Aug  14 
Aug  14 
Aug  14 
Aug  14 
Aug  15 
Aug  15 
Aug  15 
Aug  16 
Aug  16 
Aug  16 
Aug  17 
Aug  17 
Aug  18 
Aug  19 
Aug  19 
Aug  20 
Aug  20 
Aug  20 
Aug  21 
Aug  21 
Aug  22 
Aug  22 
Aug  22 
Aug  23 
Aug  23 
Aug  23 
Aug  24 
Aug  24 
Aug  25 
Aug  25 
Aug  25 
Aug  26 
Aug  26 
Aug  27 
Aug  27 
Aug  27 
Aug  27 
Aug  28 
Aug  28 
Aug  28 
Aug  29 
Aug  29 
Aug  30 
Aug  30 


Declina- 
tion 


e 

0.7  E 


0.8  E 
0.7  E 


0.5  W 


1.6W 
1.6W 


2.0W 
2.7W 

2.7  W 
2.7W 


3.0W 

3.3  W 

3.3W 

2.7W 

2.4  W 

1.9W 

1.7W 

1.5W 

1.5W 

1.7W 

1.3W 

0.5W 

0.1  W 

0.3  E 

1.8E 

1.7E 

2.3  E 

1.8E 

3.3  E 

4.0  E 

5.4  E 

Inclina- 
tion 


22.3  N 


26. ON 
32.0  N 


37.7  N 


41.2  N 


41.9  N 


43.6  N 
47.1  N 


48.9  N 


50.9  N 
52.8  N 
55.0  N 


57.1  N 


58.3  N 
58. 6N 
58. 8N 


59.0  N 


58.9  N 
59.7  N 


60.2  N 


Hor. 
Int. 


e.  g. ». 

.341 


.338 
.328 


.317 


.313 


.309 


.309 
.294 


.286 


.274 
.270 
.264 


.254 


.249 
.246 
.245 


.242 


.243 
.239 


234 


Station 


977CIV* 
978CIV 
979CrV 
980CrV 

98icrv 

982CIV 

983CIV 

984CrV 

985CrV 

986CIV 

987CIV 

988GIV 

989CIV 

990CIV 

991CIV 

992CIV 

993CIV 

994CIV 

995CIV 

996CIV 

997CIV 

998CIV 

999CIV 

lOOOCIV 

lOOlCIV 

1002CIV 

1003CIV 

1004CIV 

1005CIV 

1006CIV 

1007CIV 

ioo8crv 

lOOOCIV 

loiocrv 

lOllCIV 

ioi2crv 

1013CIV 
1014CIV 
1015CIV 
1016CIV 
1017CIV 
1018CIV 
1019CIV 
1020CIV 
1021CIV 
1022CIV 
1023CIV 
1024CIV 
1025CIV 
1026CIV 
1027CIV 


Lat. 


49 

49 

49 

49 

49 

49 

50 

51 

51 

51 

51 

51 

51 

52 

52 

52 

53 

53 

52 

52 

51 

51 

49 

49 

47 

46 

46 

45 

45 

45 

43 

43 

42 

41 

41 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

39 

39 

39 

38 

38 

37 


OON 
01  N 
32  N 
34  N 
56N 
58N 

46  N 
OON 
22N 
35N 
38N 
55N 
58N 
28N 
44N 

47  N 
22N 
12  N 
57  N 
53N 
33N 
16  N 
49  N 
16  N 
42N 
59N 
49  N 
37  N 
29N 
26N 
44N 
07N 
26N 
31  N 
42N 
54N 
51  N 
48N 
48N 
47  N 
41  N 
39N 
38N 
23N 
03N 
56N 
41  N 
24N 
34N 
16  N 
46  N 


LonK.  E. 
of  Or. 


e  / 

180  23 

180  26 

182  34 

182  47 

184  29 

184  37 

186  56 

188  04 

191  04 

192  29 
192  53 

195  34 

196  21 

198  39 

199  56 

200  14 

203  31 

204  49 
208  10 
208  50 

212  48 

213  14 

215  28 

216  13 
218  15 

218  59 

219  09 

220  28 
220  37 

220  39 

221  35 
221  46 
221  49 
221  43 
221  43 
221  45 
221  46 

221  54 

222  03 
222  27 

224  04 

225  18 
225  38 
227  51 
229  07 

229  27 

230  05 

231  14 

234  24 

235  33 
237  25 


Date 


Declina- 
tion 


1916 
Aug  30 
Aug  30 
Aug  31 
Aug  31 
Sep   1 


Sep 
Sep 
Sep 
Sep 
Sep 


Sep 
Sep 
Sep 
Sep 


Sep 
Sep 


1 
2 
2 
3 
3 


Sep   3 
Sep   4 


4 
5 
5 
5 


Sep   6 
Sep   6 


7 
7 


Sep  8 
Sep  8 
Sep  9 
Sep  9 
0 
0 
0 
1 
1 
1 
2 
2 
2 
3 
3 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
7 
8 
8 
9 


Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep 

Sep  20 

Sep  21 


8.5  E 


10.1  E 

11.1  E 

12.1  E 

14.3  E 

15.4  E 

16.6  E 

17.9  E 

18.7  E 

20.4  E 

21 .9  E 

22. 2E 

23.3  E 

22.7  E 

22. 5E 

21.9  B 

21.3  E 

20.9  E 

20.1  E 

20.2  E 

19.7  E 

19.9  E 

19.5  E 
19.8  E 

19.2  E 
19.8  E 


19.6  E 
19.5  E 


18.8  E 


Inclina- 
tion 


60.9  N 
61.8  N 


62.5  N 


63.4  N 


64.5  N 


66.0  N 
66.6  N 


67.6  N 


68.2  N 
68.1  N 


67.0  N 
65.8  N 


65.0  N 


63.6  N 
62.1  N 


61.5  N 


61.6  N 


62.2  N 


62.5  N 


62.2  N 
62.1  N 
62.4  N 


Hor. 
Int. 


e.  g.  9. 


.233 
.228 


.226 


.221 


.217 


.206 


.206 


.201 


.199 
.201 


.210 
.218 


.224 


.233 
.240 
.242 


.242 


.242 


.243 


.245 
.248 
.248 


^Swinging  ihip. 


*Cro«ed  180th  nwiridian,  repeating  the  date  Aug.  80, 1916. 


SHORE  MAG^ETIC  OBSERVATIONS  FOR  THE  CARNEGIE  WORK. 

EXPLANATORY  REMARKS. 

The  following  results  of  shore  magnetic  observations,  made  during  Cruises  I 
and  II  of  the  Carnegie^  1909  to  1913,  are  extracted  from  Volume  I,  pages  76, 88,  91, 
92,  95-97,  and  Volume  II,  pages  28,  29,  43,  44,  47,  48,  50,  51,  and  5&-61.  The 
same  conventions  are  used  as  in  those  volumes,  to  which  reference  may  be  made  if 
fuller  information  is  desired  (see  also  pp.  257-258  of  present  volume).  These  shore 
magnetic  results  were  usually  obtained  in  connection  with  the  comparisons  of  ship 
and  land  instruments  made  at  every  port  of  call  of  the  vessel.  Sometimes  additional 
observations  were  made,  in  view  of  the  disclosure  of  local  magnetic  disturbances,  or 
for  the  purpose  of  obtaining  secular-variation  data. 

The  results  of  the  shore  observations  made  in  connection  with  Cruise  III  are 
also  added.    Those  for  Cruise  IV  are  to  appear  in  a  later  volume. 

RESULTS  OF  SHORE  MAGNETIC  OBSERVATIONS.  1909-1914. 

AFRICA. 

British  South  and  Central  Africa. 


Btetion 


GiptTowHtil 


Cvp%  Town.  B . 


C«p«Town,  C. 


lAtitiide 


88M.8  8 


33  66.8  8 


33  56.8  8 


LoDC« 

East 

of  Or. 


18  29 


18  29 


18  29 


Date 


Mar  24.' 
Mar  24. 
Mar  24. 
Mar  25. 
Mar  25. 
Mar  27. 
Mar  27. 
Apr    3. 


Apr 
Apr 
Apr 
Apr 


4. 
4. 

18, 
18. 


Mar  25. 
Mar  25. 
Mar  27. 
Mar  27. 
Mar  28. 
Mar  29. 
Mar  30. 
Apr  3, 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 


3. 
4. 
4. 
4. 
5. 
5. 
5. 


Mar  24. 
Mar  24. 
Mar  24. 
Mar  25, 
Mar  25. 
Mar  27. 
Mar  27. 
Mar  31. 
Mar  31. 
Apr  3, 
Apr  3. 
Apr  6. 
Apr    6. 


Declination 


Local  Mean  Time 


h        k        k 
10.2.  12.2.  14.2 
15.8.  17.4    .... 


9.0.  11.0 

12.2.  14.0 

9.6,  12.4 

13.2.  15.6 


■  •  ■  • 


12.8.  13.3 
13.8.  15.5 

9.0.  11.0 
12.2.  14.0 

9.6.  12.4 
13.2.  15.6 
12.8.  16.0 
11.2.  15.1 

9.9.  16.6 


Value 


O  0 

27  88.0  W 
27  35.4  W 


27  38.6  W 
27  35.7  W 
27  36USW 
27  34.7  W 


27  33.7  W 
27  34.2  W 
27  38.9  W 
27  35.6  W 
27  36.8  W 
27  35.4  W 
27  35.5  W 
27  38.2  W 
27  37.1  W 


Indination 


L.  M.  A . 


I 


14.1.  14.7 

9.5.  10.2 

10.6.  11.0 


10.2.  12.2.  14.2 
15.8.  17.4    .... 


9.0.  11.0 

12.2.  14.0 

9.6.  12.4 

13.2.  15.6 

9.8.  13.8 

14.5.  16.6 


27  39.2  W 
27  37.6  W 


27  43.1  W 
27  40.4  W 
27  41.2  W 
27  39.4  W 
27  41.0  W 
27  37.0  W 


10.2.  11.5 

13.3.  14.2 
9.6.  10.2 

11.0.  12.8 

14.2  .... 

10.7.  11.9 

13.2.  13.9 

15.1  .... 


11.2  .... 

14.2  .... 

10.9.  11.6 

15.6  .... 


Value 


60  07.6  8 
60  04.7  8 
60  04.6  8 


60  03.3  8 
60  05.4  8 
60  04.4  8 
60  04.6  8 
60  05.18 
60  05.0  8 
60  04.6  8 
60  04.8  8 


60  02.8  8 
60  02.9  8 
60  04.88 
60  03.9  8 


Hor.  Intenritjr 


L.M.T. 


h       h 

10.9.  11.7 

14.7,  15.4 

16.8.  16.9 
9.6.  10.5 

12.7.  13.5 
10.2.  11.4 

13.8.  15.0 


9.6.  10.6 

12.7.  13.5 

10.2.  11.4 

13.9,  15.0 

14.5  .... 

13.5  .... 

14.9.  16.0 


10.8.  11.6 
14.7.  15.4 
16.3.  16.9 

9.6.  10.6 

12.7.  13.6 

10.3.  11.4 

13.9.  15.0 
11.6.  12.6 
15.2.  16.1 


Value 


C.9.  «. 
.17576 
.17570 
.17582 
.17505 
.17585 
.17694 
.17577 


.17611 
.17584 
.17595 
.17576 
.17586 
.17596 
.17621 


.17604 
.17596 
.17602 
.17596 
.17590 
.17602 
.17586 
.17624 
.17619 


Ibfag'r 


4 
4 
4 
2 
2 
2 
2 


4 
4 
8 
8 
4 
4 
8 
8 
8 


2 
2 
2 

4 
4 
8 
8 
8 
8 


OIm^ 


DipOrde 


EI  2 
201.12 
201.12 


201.12 
201.12 
EI  2 
EI  2 
EI  2 
EI  2 
EI  2 
EI  2 


172.156 

172.256 

EI  2 

EI  2 


CU 

cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 


206 


i 


UEamoB  or  Shobb  Maonstic  Obssbtatiohb,  1909-14 

AFRICA. 
Bbtub'Sootb  AMD  CnmuL 


EUROPE. 

Great  BsiTAiir. 


SOIMN 
SOW    N 

UOQAN 
SOlO     K 

sooe^H 

flOOSAN 

(MSB 
SH67 

»MH7 

SMS7 
SMS7 

SMS7 

CM     9.>1S 
CM    S,1S 
OM  ShW 

Ooi  si.oa 

o«t  a,n 

OM  SLW 
8n>   IB.  13 
Sip   16,19 
8«   IT.ia 
8n>   17.13 
Bv   17,  U 
B«   17.13 
8v  18,13 
Bm   18,13 
Bw   18.13 
BV   10.13 
Bq>   19,U 
S^>   IB.  IS 
Bw   10.13 
Bip  »,!■ 
Bn.  M.U 
Bw  iai3 
Bip  10,18 
B«   11.18 
Bw  B.I3 

B*p  nu 

Bq>  32,13 
Bw  M.13 
Bq>  M,U 
B^.   KU 
Sv  80.13 
CM  Sl,(« 
(M  tt,aB 
Bn>   18.13 
Bq>   18,18 
a^>   18,13 
Bw  13.18 

B.P  au 

Bm  38,18 
8w  33.18 
Bv  M,U 
Bip  34.18 
Sw  S4.U 
8w  88,18 
S^>  ss,u 
8«  18.18 
8w  18,18 
BiP  1B.U 
bo  IB,  18 
Bw  17.  U 
8w  17.18 
SV  17.  U 

13A  148    .... 
lOAlM    .... 
lOA  11.8    .... 

17  SLOW 
17  ISA  W 
17  47.1  W 

A        A 
IIS    ..,, 
13A    .... 
14A    .... 
lASCwt-t) 

eA  ll.l 
lA«(-t.)) 

0SS8AN 
OS  374  N 
e6S4AN 
SOSSAN 

8BS3.TN 

BBBAON 

k        A 
13.A  I4A 
10.4.  IIA 
lAA  11.5 

C.  f .  >. 

.18773 
.IS788 
.187M 

14 
14 
3 

1411SB 
141318 
I7A35 
180.0,10 
901.13 

satM 

cn 
cn 

CI 
Cl 

CI 
CI 

cn 
cu 

WA  14.B    .... 

17  47AW 

13.7.  14A 

.18788 

* 

no.  UA  14A 
19.9,  17 J)    .... 
8.0.  10.8    .... 

17  14.1  W 
17  10JW 
17IA4W 

ISA.  13.4 
IAS,  1«S 

0.7,  lOA 
lAl.  1A4 
14.7.  IAS 
18A  17.4 

g.7,  IDA 
llA  lAO 
I4A  14A 

.18703 
.18803 
.IBTSa 
.1880B 
.I88IB 
.18810 
.18703 
.18784 
.18803 

4 

S 
3 
1 
S 
3 
3 

cu 

CII 

cu 
cn 
on 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cu 
cn 
cn 
on 
cn 

ia7.  11.4 
11.9,  13.4 
ISA  ISA 
14A  148 
lOA  lAB 
lOA  11.1 
11.4.  IIS 
ISA  lAO 
BA    AS 
lOAlOA 
llA.  ISA 
ISA  ISA 

B818SN 
•8  STAN 
8a>7.4N 
88 18-0  N 
BBSeAN 
88  MAN 
88  MAN 
MIAON 
•83ASN 
88  37.4  N 
•BMAN 
a83A<N 

BIS 
BIS 
Bt3 
BIS 

BI8 
BIS 
BIS 
BIS 
BIS 
BIl 
Ell 
BIS 

e.8.  IIA.  IM 
IS.*,  ISA  14.7 

ITISAW 
17  14JW 

lOA  llA 
llAIAI 
lAO.  14.4 

.18770 
.18703 
.IB7B8 

4 
4 

ISA  IS.8 
IAS    .... 
lAl    .... 

88MAM 
BBSIAK 

aesiAN 

BIS 

901.11 
180.0,10 

cu 

CI 

ci 
cu 
cn 

10.8.  UA    .... 

I7  4UIW 

ISA  ISJ 

.187SB 

4 

A9.  lOA  llA 
ISA,  ISA  ISA 

IT  lAT  W 
17  1ATW 

OA  tOJ 
IIA  ISA 
14A  I4A 

.18788 
.18781 
.187(8 

4 

SAIOA 
lAl,  lAl 
lAA  UA 
lAA  1A4 

«t37.1N 
88  8AIH 
B6SA8N 

883BAN 

BIS 
BI8 
BIS 
BI8 

cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
on 
cu 
cn 
cn 
on 

BA,  11.A  IAS 
U.4.  ISA.  14.7 

171A4V 

17  138  W 

lAA  III 

ISA  lAI 
18.0.  144 

.ISTBS 
.18703 
.UTOS 

14 
14 

AA  lOA 
lOA  llA 
UA   .... 

easAiN 

•8  SASH 

••SAIN 

BIS 
BIS 
BIS 

ISA.  lAB,  17A 
ISA  14A    .... 
I«A  17.1    .... 
IIA  ISA  I4A 
ISA  lAA  17.7 

HIOSW 
17  11.7  W 
17  OBJ  W 
171A4W 
17ia7W 

4 

S 
3 
4 
4 
4 

ISAIA4 
ISA  IAS 
lAI,  IA4 
147,  UA 
1AA17A 

.isns 

.U7BS 
.18T8B 

Mm 
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OcBAN  Maonbtic  Obsbbvations,  1905-16 


EUBOPE. 

GsBAT  Britain — Conduded. 


Latiiude 

Long. 

EiS 

of  Or. 

Date 

Deolinaiiofi 

laoHnaikwi 

Hot.  Inieuilar 

Instmme&ie 

Obtt 

SUtion 

Loeel  Mean  Time 

Value 

L.  M.  T. 

VahM 

L.M.T. 

Value 

Mac'r 

DipCSrele 

Fifanoatb.  C—Cvuiwutd .... 

•     * 
50  00.6  N 

50  00.0  N 

5006    N 
60  04.8  N 

854  57 

354  55 

855  00 
854  55 

Sep  17.'18 
Sep  17,18 
Sep  17,18 
Sep  18.18 
Sep  18,18 
Sep  10,18 
Sep  10,18 
Sep  10.18 
Sep  10.18 
Sep  30.18 
Sep  30.18 
Sep  30.18 
Sep  30.18 
Sep  80.18 
Sep  80.18 
Oei  33.00 
Oei  33.00 
Oei  30.00 
Sep  33.18 
Sep  33.13 
Sep  34.18 
Sep  34,18 
Sep  34,18 
Ooi  35.00 
Ooi  36.00 
Ooi     3.18 
Ooi     3.18 
Ooi     3.18 
Ooi     3.13 

k        h        k 

0.1,  10.0,  11.6 

13.8,  14.8.  15.8 

16.3,  17.7    .... 

8.0,  10.8,  11.3 

18.8,  18.6,  15.3 

•      t 
17  13.4  W 
17  13.5  W 
17  00.4  W 
17  00.6  W 
17  14.6  W 

k       k 

•       / 

k       k 
0.7.  103 

eg.: 
.18773 

2 
2 
2 
2 

2 

cn 

cn 

cn 

cn 

cn 

11.1,  11.6 
12.0,  12.8 

13.2.  18.5 

13.0.  14.2 
0.0.  10.5 

11.1,  11.6 
13.3    .... 
13.0.  13.4 
14.0,  15.3 
15.4,  15.7 
16.5    .... 

66  36.7N 
66  36.8  N 
66  36  J  N 
66  36.3  N 
66  37.8  N 
66  37.7  N 
66  37.5  N 
66  38.0  N 
66  35.3  N 
6635JN 
66  81.0  N 

EI  2 
EI  2 
EI  2 
EI2 
EIS 
EIS 
EIS 
EIS 
EI  2 
EI2 
201.12 

301.12 
301.12 
301.12 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

Pelmoiith  Obeerratory 

10.3,  13.8,  18.6 

17  48.7  W 

10.7,  11.7 
143,  153 
113,  133 

.18767 
.18767 
.18765 

2 
2 

4 

CI 
CI 

11.1,  14.5    .... 

17  48.0W 

10.1,  16J 
10.0.  10.0 
11.8    .... 

66  303  N 
66  10.7  N 
66  23.6  N 

CI 

cn 

cn 

10.8,  13.0.  18.1 
14.5,  14.0,  16.4 

17  15.4  W 
17  14.0  W 

10.7,  11.7 
183,  143 
153,  16.0 
133    .... 
13.6    .... 
143,  153 
18.5,  143 
15.5,  16.1 
0.8.  10.4 

.1S704 
.18808 
.18803 
J874B 
J8741 
.18783 
.18786 
.18704 
.18774 

2 
2 
2 

mm 

MS 
2 

2 
4 
4 

cn 

cn 

cn 

Si.  AiktlMmv                  

12.1    .... 
13.1    .... 
11.6.  11.0 
16.5.  16.8 
10.4.  10.0 
13.8    .... 

66  86.0  N 
66  83.5  N 
66  36.0  N 
66  353  N 
66  35.8  N 
66  34.8  N 

30336 
20836 
EI  2 
EI  2 
201.1 
201.1 

CI 

PorthftDow 

11.7.  13.8    .... 
13.7.  15.7    .... 
13.0.  lAJH    .... 
15.0.  16.4    .... 
0.3,  10.6      ... 

17  54.7  W 
17  33.6  W 
17  34.5  W 
17  16.1  W 
17  12.3  W 

CI 

cn 
cn 
cn 

cn 

NOBWAT. 


SIdbiioea  Fiord. 
MelkoUand. . 
Hammerfeet,  A 


Hammerfeet,  B. 


9  t 

70  44.3  N 
70  44.2  N 
70  40.3  N 


70  40.3  N 


23  23 
23  35 
23  40 


23  40 


Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 


20.'14 

21.14 

7.14 

8.14 

8.14 

8.14 

9,14 

9,14 

10,14 

10,14 

15,14 

16,14 

20,14 

21,14 

23.14 

23.14 

23.14 

7.14 

8.14 

8,14 

8.14 

9,14 

9.14 

10.14 

10,14 

11,14 

11,14 

11,14 

13,14 

13.14 

13,14 

14,14 

14.14 

14.14 

14.14 


k        k  h 

8.6.  10.3  .... 

1.1.    2.6  .... 

13.9,  16.4  .... 

93,  11.6  ... 

12.0.  14.4  .... 

14.8,  16.5  .... 

9.5,  11.7  .... 

12.2.  15.0  .... 

20.5,  21.0  .... 
203  io  20.9(dv) 
19.2  to 
19.1(dv) 


9.4,  11.2,  11.6 
14.6,  14.8.  16.5 


13.9.  16.4 

11.6  .... 

12.0.  14.4 

143.  16.5 

9.5.  11.7 

12.2.  15.0 


9.O.     o.o     ...  I 
33  io  83(dv) 


9.4,  11.2 

11.6.  13.0 

18.7.  153 
153,  16.9 


O         0 

1253W 
1303W 
1383W 
130.0W 
1353W 
135.8W 
13L3W 
1373W 
136.2W 
135.9W 

131.4W 


1323W 
1  37.0  W 


144.2W 
1  37.4  W 
1  413  W 
142.1W 
136.0W 
1423W 


129.0W 
129.7W 


136.4W 
1423W 
142.0W 
140.4W 


h        h 
10.9.  113 
3.9io53 


10.7  to  14.6 
15.4  to  173 


11.9  to  213 
03  to  5.6 


77  033  N 
77  00.7  N 


76  66.1  N 

77  00.4  N 


76  57.7  N 
76  60.3  N 


10.7  io  14.6 
16.4  to  17.8 

9.7  io  103 
12.6  to  14.6 
17.0  io  17.4 

93  io  12.0 
14.0  io  143 
16.3,  16.5 


76  57.6  N 

76  50.6  N 

77  013  N 
77  013  N 
77  003  N 
77  033  N 
77  02.6  N 
77  01.1  N 


k 

0.1, 

1.5. 
14.6, 

9.7. 
12.4. 
16.1. 
10.1. 
12.8, 


h 

93 
23 
163 
10.9 
14.0 
16.0 
11.3 
14.5 


93. 
11.9. 
15.2. 
14.6. 

9.7. 
12.4. 
15.1. 
10.1. 
123. 


10.9 
143 
16.1 
153 
10.9 
14.0 
16.0 
11.8 
14.5 


11.0.  12.0 
153.  163 


103.  103 
12.4,  13.6 
15.3,  153 
9.9.  10.9 
113.  123 
14.1.  143 
15.9.  16.6 


eg.  9. 
.11648 
.11706 
.11772 
.11677 
.11696 
.11712 
.11689 
.11732 


.11600 
.11007 
.11736 
.11760 
.11671 
.11688 
.11704 
.11681 
.11720 


.11670 
.11700 


.11676 
.11672 
.11693 
.11676 
.11668 
.11706 
.11732 


25 

25 

25 

25 

25 

5 

5 

5 

25 

25 

25 


5 

5 

5 

6 

5 

6 

25 

25 

25 


25 
25 


25 
25 
25 
25 
26 
25 
25 


EI  25 
EI  25 


EI  3 
EI  25 


£13 
EI  3 


EI  25 
EIS 
EI  25 
EI  25 
EI  25 
EI  25 
EI  25 
EI  25 


cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 

cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
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EUROPE. 

NoRWAT — Concluded. 


Stelkm 


UMd. 


Lalitode 


70  40JN 


70  40.2  N 
70  39.7  N 
70  39.3  N 


Long 

EmI 

of  Or. 


o      / 

23  40 


23  40 
23  28 
23  19 


Date 


Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 
Jul 


16,'14 
16,14 
17,14 
17,14 
17,14 
17,14 
17,14 
20,14 
21,14 
23,14 
23,14 
23,14 


Jul  6. 14 
Jul  20,14 
Jul    20,14 


Declination 


Looal  Mean  Time 


h        h  h 

9.0,  10.8,  11.0 

12.9,  13.8  .... 

9.6,  11.6    

11.7,  13.6  .... 
14.6,  16.6  .... 
16.6,  18.4  .... 
18JSto20.8(dT) 

8.6  to 
6.6(22) 

9.4,  11.2  .... 

11.6.  14.6  .... 

14.8,  16.6  .... 

10.0,  12.1,  12.9 
18.6,  20.9,  21.1 
14.4,  16.0    .... 


Value 


137.6W 
140.6W 
140.0W 
143.3W 
144.0W 
144.6W 
143.9W 

138.9W 
136.0W 
141.2W 

126.6W 
163.0W 
168.0W 


Indination 


L.  M.  T. 


14.7  to  16.2 
22.2.  22.6 
16.6  to  17.0 


Value 


•     / 


76  63.0  N 

77  00.2  N 
76  63.8  N 


Hor.  Inteneity 


L.  In.  T. 


h 

9.4, 
11.3. 

9.9, 
12.2, 


k 
10.4 
12.6 
11.1 
13.2 


16.1,  16.1 
17.0,  18.0 


9.0  to 
6.0(19) 
9.8,  10.8 
11.9,  14.2 
16.2,  16.1 

10.6.  11.7 

20.0.  20.6 

16.1,  16.7 


Value 


C0.«. 

.11668 
.11672 
.11678 
.11687 
.11703 
.11714 


.11703 
.11680 
.11686 
.11790 

.11764 
.11799 
.11768 


luitrumenta 


Mac'r 


26 
26 
26 
26 
26 
26 
26 

6 
26 
26 
96 

26 
26 
26 


DIpCinle 


BI26 
BI96 
BI96 


NORTH  AMERICA. 

United  Statvs. 


Obe-r 


cm 
cm 
cm 
cm 
cm 
cm 
cm 

cm 
cm 
cm 
cm 

cm 
cm 
cm 


41  06.4  N 

41  06.4  N 

4106     N 
40  61.7  N 

•    # 
987  38 

287  38 

987  39 
986  07 

Jun  98.'09 
Jun  10.10 
Jun  10.10 
Jun  11.10 
Jun  11.10 
Jun  14.10 
Jun  14.10 
Jun  16,10 
Jun  16,10 
Jun  16.10 
Jun  16,10 
Deo  17, 13 
Dee  17, 13 
Deo  18,13 
Deo  18,13 
Oel  13.14 
Oel  13,14 
Jun  10,10 
Jun  10.10 
Jun  11.10 
Jun  11.10 
Jun  13.10 
Jun  13.10 
Jun  14.10 
Jun  17.10 
Jun  17.10 
Dee  17. 13 
Deo  18.13 
Oel  14,14 
Oel  14.14 
Jul    14.09 
Jul    96.09 
Fri>  96.10 
Peb  96.10 
FM>  98.10 
FM>  98.10 
Mar   1.10 
Mar   1.10 
Mar   8.10 
Mar   8,10 
Mar   4.10 
Mar   4.10 
Maria  10 
Mar  19. 10 

k       h       k 

10.1.  11.6    .... 

10  60.9  W 

h       k 

o."     .... 

9.9.  10.6 
11.1    .... 

•     0 

7906.9N 
79  07.6  N 
79  07.8  N 

h       k 
lOA  11.9 

eg,  9. 
.18890 

4 

901.19 
901.19 
901.19 

JPA 

AM^mpm^ 

CII 

cn 

12.9.  13.1.  14.9 
16.2.  16.6.  16.8 
14.4,  16.4.  17.7 

11  00.2  W 
10  69.7  W 
10  68.1  W 

13.7.  14.4 
16.4.  17.0 
14.9.  16.7 
17.0    .... 
10.1.  10.9 
11.8    .... 

.18306 
.18318 
.18314 
.18312 
.18978 
.18990 

4 
4 
4 
4 
4 
4 

CII 

CII 

cn 

cn 

9.6,  11.4.  12.7 

10  69.4  W 

cn 

cn 

10.1.  10.6 

11.7  .... 
19a(.  19.8 

13.0.  13.4 
IIJ.  11.4 
11.6.  11.8 

11.8  ... 

16.1.  16.3 

79  06.9  N 
79  06.8  N 
79  11.4  N 
79  11.9  N 
79  11.6  N 
79  11.4  N 
79  19.6  N 
79  13.0  N 

901.19 

901.19 

BI9 

EI9 

EI  9 

EI  9 

EI  96 

EI  96 

cn 

cn 

14.2,  16.3    .... 

11  21.9  W 

14.6.  16.0 

.18113 

4 

cu 
cn 

9.3,  10.4    .... 

11  17.9  W 

9.6,  10.1 

.18098 

4 

cn 
cn 

OA  11.0    .... 
13.6,  14.7    .... 
12.0,  13.3,  16.4 
16.6.  16.1.  16.4 

11  91.1  W 
11  94.9  W 
11  03.9  W 
11  09.7  W 

9.9,  10.6 

13.8,  14.4 

13.9,  liA 
16.8.  17.6 

.18044 
.18061 
.18333 
.18896 

96 
96 

4 
4 

cm 
cm 

CII 

cn 

10.0.  ia7 
IIJ    .... 

79  07.0  N 
79  07.1  N 

901.19 
901.19 

cn 

cn 

16.0.  16.6    .... 

11  00.7  W 

16.6.  16.9 
17J.  18.1 
10.9.  11.3 

.18888 
.18839 
.18997 

4 
4 
4 

cn 

cn 

9.7.  10.8.  11.7 

10  69.1  W 

cn 

laO.  10.9 
19.6    .... 
19.3    .... 
19.9    .... 
11.9.  18.6 
16.3.  16.4 
19X)    .... 

79  06.8N 
79  04.8N 
79  18.8  N 
79  17.3  N 
79  90.9  N 
79  19.4  N 
7903USN 

901.19 
901.19 
901.19 
901.19 
EI  96 
EI  96 
201.19 

cn 

cn 

14.3.  16.9    .... 
9.6.  11.6    .... 
11.7.  19.8    .... 
13.9.  14.9    .... 
133.  14.7    .... 
16.a  19.4    .... 

11  38.9  W 
11  89.0  W 
11  49.6  W 
11  43.6  W 
10  19.4  W 
10  08.0  W 

14.8.  16.8 

10.9.  11.9 
19.a  19.6 
14.9.  14.6 
13.7.  14.4 

.18016 
.17094 
.17961 
.17969 
.18669 

9 

9 
96 
96 

4 
4 

cn 

m9mYmk.BrmaPmk,A;. 

cn 

cm 

cm 

JPA 
JPA 

16.6    .... 
19.6.  14.7 

79  07.9  N 
7906.8N 

901.19 
901.19 

CI 

CI 

19JI.  14J 
16.0.  16.7 
11.0.  11.7 
13J,  14.4 
11.8.  19X) 
14.4.  16J 

.18616 
.18614 
.18106 
48609 
08613 
.18890 

9 
9 
4 
4 
4 
9 
9 
4 
4 

CI 

CI 

01 

CI 

CI 

CI 

11.0  to  19J(6) 
18.7  to  18.4(7) 
18.7,  14J    .... 

10  11.8  W 
10  16.6  W 
10  16.7  W 

01 

01 

01 

10l8   .... 

7908JN 

901.19 

01 
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NORTH  AMERICA. 

UNnxD  States — Condvded. 


Latitude 

Lone. 

East 

of  Or. 

Date 

Declination 

Hot.  Inteniitgr 

Inetmmonta 

Ob^ 

Station 

Local  Mean  Time 

Value 

L.  M.  T. 

Value 

L.M.T. 

VahM 

Mac'r 

DipGlrde 

Kew  York.  Br^nz  Park,  B*. . 

O         f 

40  51.7  N 

288  07 

Feb  24.'10 
Feb  25.10 
Feb  28,10 
Feb  28,10 
Mar    1,10 
Mar    1,10 
Mar   3,10 
Mar    3,10 
Mar    4,10 
Mar    4,10 
Mar    9.10 
Mar  11. 10 

AAA 

•    / 

A        A 
15.2    .... 
11.4,  13.3 

•     t 

73  07.4  N 
72  07.7  N 

A        A 

e.f.t. 

201.12 
201.12 

CI 

CI 

12.8,  14.1 
15.0.  15.8 
11.2,  12.1 
13.7,  14.8 
11.2,  12.2 
14.2,  15.1 

.18527 
.18629 
.18518 
.18518 
.18531 
.18622 

4 
4 
2 

a 

2 
4 
4 
2 

4 
4 

CI 

CI 

CI 

CI 

CI 

CI 

11.0  to  12.3(8) 
13.7  to  15JJ(7) 
11.1.  12.1,  18.0 
9.8  to  12.0(8) 

11  11.9  W 
11  17.7  W 
11  13.0  W 
11  10.9  W 

CI 

CI 

CI 

14.8    .... 

72  07  J  N 

201.12 

CI 

SOUTH  AMERICA. 

Abobntina. 


Pilar.  FUr  1 

e       / 

31  40.1  8 
31  40.1  8 

31  40.1  8 

31  40.1  S 
34  27.3  S 

0      / 

298  07 
296  07 

296  07 

296  07 
30127 

Jan  30,' 
Jan  30. 
Jan  31. 
Jan  31. 
Jan  23. 
Jan  24. 
Feb    2. 
Feb    2. 
Feb    2. 
Feb    2. 
Jan  28, 
Jan  28. 
Jan  31. 
Jan  31. 
Feb     1. 
Feb     1. 
Feb    2. 
Feb     2. 
Jon  28. 
Jan  28. 
Jan  30, 
Jan  30. 
Feb     1, 
Feb     1. 
Feb     2, 
Feb     2. 
Feb  11. 

AAA 
9.2,  11.3    .... 

14.6,  16.8    .... 
9.0.  11.2    .... 

14.4.  17.6    .... 

e     / 

9  09.4  E 
9  13.2  E 
9  09.6  E 
9  10.1  E 

A 

A 

0         / 

A        A 
10.8.  15.1 
16.0    .... 

9.7.  10.7 
16.2.  17.1 

e.  0'  •' 
.25702 
.25603 
.25708 
.25658 

2 

a 

4 
4 

cn 

cn 

cn 

cn 

Pilar.  P»#p  9 

15.1. 
9.7 
9.6, 

12.0 

16.0. 

17.6 

16.6 

•  •  •  • 

10.9 

•  •  •  • 

17.0 

•  •  •  • 

25  49.6  8 
25  49.0  8 
25  60.9  8 
25  50.18 
25  51.6  8 
25  51.8  8 

201.12 
201.12 
201.12 
201.12 
EI  2 
EI  2 

cn 

cn 

cn 

cn 

cn 

cn 

pnar.  B.  . . 

9.9.  12.1    .... 
14.4.  16.4    .... 

9.0,  11.2    .... 
14.4.  17.6    .... 

9  10.3  E 
9  09.7  E 
9  08.6  E 
9  09.6  E 

10.4.  11.4 

15.0.  16.0 

9.7.  10.6 

16.3.  17.2 

.25644 
.25662 
.25694 
.26651 

4 
4 
2 
2 

cn 

cn 

cn 

cn 

13.9. 
15.1. 
15.8. 
17.6 

14.5 
16.2 
17.0 

•  •  •  • 

25  52.3  8 
25  54.0  8 
25  55.18 
25  55.3  8 

EI  2 
EI2 

201.12 
201.12 

cn 

cn 

cn 

cn 

PiUr.  C 

9.9.  12.1    .... 
14.3,  16.4    .... 

9.2.  11.3    .... 
14.6,  16.6    .... 

9  10.0  E 
9  09.2  E 
9  07.8  E 
9  11.2  E 

10.4.  11.3 

14.9.  15.ft 

9.8.  10.8 

15.1.  16.0 

.25658 
.25670 
.25664 
.25636 

2 
2 

4 
4 

cn 

cn 

cn 

cn 

14.1. 

16.2 

9.5, 

12.0 

15,0 

•    •    a    • 

11.0 

25  52.6  S 
25  54.0  8 
25  53.18 
25  53.1  S 

201.12 

201.12 

EI  2 

EI  2 

cn 

cn 

on 

cn 

Buenoe  Aires.  Victoria.  1911. 

16.4.  16.6    .... 

6  02.8  E 

4 

cn 

Brazil. 


Pinheiro.  A 


Pinhoiro.  B. 


o       / 

1  17.9  8 


1  17.0  8 


31131 


31131 


Sep 
Sep 
Sep 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 


29.'10 
30.10 
30.10 
1.10 
1.10 
1.10 
3.10 
3.10 
3.10 
6.10 
6.10 
6.10 
6.10 
1.10 
1,10 
1.10 


A        A 

9.4.  11.1 

9.4.  10.9 

12.9.  14.6 

9.3.  10.8 

12.7.  14.2 

14.3.  15.6 

9.2.  10.7 

12.9.  14.2 

14.6.  15.8 


9.3,  10.7 
12.7.  14.1 
14.3.  15.6 


•  •  «  • 


7  54.5  W 
7  60.9  W 
7  62.1  W 
7  63.0  W 
7  61.5  W 
7  62.4  W 
7  62.0  W 
7  62.2  W 
7  63.4  W 


7  63.1  W 
7  52.7  W 
7  52.8  W 


10.1.  10.7 

11.2.  11.8 
13.7.  14.3 
14.9.  16.6 


23  03.1  N 
23  02.2  N 
23  08.8  N 
23  13.4  N 


A        A 
10.0.  10.8 

c.  Q. : 
.29050 
.29057 
.29066 
.29067 
.29060 
.29049 
.29133 
.29082 
.29060 

4 
4 
4 
2 
2 
2 
2 
2 
2 

9.9.  10.5 

13.3.  14.0 

9.8.  10.4 

13.1.  13.7 

14.7.  15.3 

9.6.  10.3 

13.3.  13.9 

14.9.  15.5 

201.12 
201.12 
201.12 
201.12 

9.8.  10.4 

.29087 
.29064 
.29050 

4 
4 
4 

13.1.  13.7 

14.6,  15.2 

cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 


*Looa]  disturbance. 
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SOUTH  AMERICA. 

BBAUh-^Conduded, 


Station 


lUo  d«  JuMiro.  A 


Rio  do  JuMiro,  B. 


Rio  do  Joaoiro,  C. 


Latitttdo 


22  58.7  8 


22S8.7S 


22  68.7  8 


Long. 

Efttt 

olQr. 


316  49 


316  49 


316  49 


Date 


Deo 
Dee 
Dee 
Dee 
Dee 
Dee 
Dee 
Dee 
Dee 
Dee 
Dee 
Dee 
Deo 
Dee 
Dee 
Deo 
Dee 
Dee 
Dee 
Dee 
Doe 
Doe 
Doe 
Doe 
Dee 
Dee 
Dee 
Dee 
Dee 
Dee 
Dee 
Doe 


9/10 
9.10 
9,10 
10,10 
10,10 
10.10 
12.10 
12.10 
12.10 
12.10 
13.10 
13.10 
14.10 
14.10 
12.10 
12.10 
12.10 
18.10 
13,10 
14,10 
14.10 
14.10 
16,10 
16.10 
15,10 
15,10 
9.10 
9.10 
9.10 
10.10 
10,10 
10.10 


Deelinatioo 


Looal  Mean  Time 


h  k  h 

10.6.  12.3  .... 

14.6,  16.0  .... 

16.2,  17.6  .... 
O.O.  10.9  .... 

12.5.  14.4  .... 

14.7.  16.1  .... 
9.1.  10.8.  12.6 

13.9.  14.2.  15.7 

17.3.  17.6.  18.0 

xo*o  ••••  •••• 


9.1.  10.8 
12.4,  13.8 
14.2,  15.7 


10.6,  12.4 
14.5.  16.0 


16.2, 

8.7. 

12.5. 

14.6. 


17.6 
10.3 
14.4 
16.1 


•  •  •  • 


Value 


9  49.2  W 
9  48.9  W 
9  60.4  W 
9  61.6  W 
9  48.8  W 
9  61.6  W 
9  48.0  W 
9  50.0  W 
9  49.8  W 
9  49.6  W 


InoUnation 


L.  aI.  X. 


9  49.2  W 
9  48.0  W 
9  51.3  W 


9  49.4  W 
9  48.4  W 
9  50.2  W 
9  51.7  W 
9  48.7  W 
9  51JW 


14.4.  16.2 

15.8.  16.3 

10.6.  12.8 

13.6.  14.3 


14.2.  16.1 

16.7.  16.4 

10.6.  13.0 
13.9.  14.8 

15.7.  16.5 
9.6.  10.2 

11.0.  11.5 

13.8.  14.5 
15J^  16.1 


Value 


Hot.  Intensity 


L.M.T. 


14  47.8  8 
14  49.2  8 
14  48.8  8 
14  49.8  8 


14  49.0  8 
14  51.0  8 
14  49.7  8 
14  50.2  8 
14  50.4  8 
14  48.6  8 
14  60.4  8 
14  51.7  8 
14  51.7  8 


h       h 
ll.l.  12.0 
14.9.  15.6 
16.6.  17.2 

9.2.  9.8 
12.9.  14.1 
15.1,  16.7 

9.6.  10.3 
12.8.  13.6 
14US.  16.2 


Value 


9.6.  lOA 
12.9,  13.5 
14.6,  15.2 


11.1,  11.9 

14.9,  15.6 

16.6,  17.2 

9.2,  9.9 

13.0.  14.1 

15.1.  15.7 


e.  §. «. 
.24600 
.24096 
.24600 
.24700 
.24736 
.24679 
.24724 
.24740 
.24712 


Inatrumenta 


Mac'r 


Obf-r 


EKpCirek 


.24728 
.24710 
.24702 


.24712 
.24712 
.24675 
.24687 
.24707 
.24672 


4 
4 
4 

a 

2 
2 
2 
2 
2 

a 


4 
4 
4 


2 
2 
2 

4 
4 
4 


Chile. 


EIS 

EIS 

201.12 

901.13 


aoi.12 
aoi.is 

EIS 
EI2 
EIS 
EIS 
EIS 
BIS 
EIS 


cn 
en 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 


CoronoU  A. 


Coronel.  B. 


O         f 

37  01.9  8 


37  01.9  8 


286  50 


286  50 


Nov 
Nov 
Nov 
Nov 
Nov 
Deo 
Dee 
Dee 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Deo 
Deo 
Deo 


29.'12 

29.12 

30.12 

30.12 

30,12 

1.12 

2.12 

3.12 

28.12 

28.12 

28.12 

28.12 

29.12 

29.12 

30.12 

30,12 

30.12 

1,12 

3.12 

3.12 


h        h  h 

11.7.  15.2.  15.7 

Xf  .V,  AO>^  .  •  .  • 

10.0.  12.0    

12.7.  13.6  .... 

15.8.  16.2.  18.3 
9.8,  11.6    


6.0.    7.0.    9.6 
13.1.  17.6,  18.6 


11.7,  16.2,  15.7 

17.9.  18.2  .... 

10.0.  12.0  .... 

12.7.  13.6  .... 

15.8.  16.2.  18.3 
9.8.  11.6  .... 


15  45.8  E 
15  44.0  E 
15  43.6  E 
15  45.1  E 
15  45.6  E 
15  42.8  E 


15  44.7  E 
15  46.0  E 


15  44.5  E 
15  44.0  E 
15  44.2  E 
15  45.2  E 
15  45.6  E 
15  42.6  E 


11.7.  16.0 
10.1    .... 


11.8.  14.4 
16.3    .... 


35  29.5  8 
35  29.4  S 


35  29.7  8 
35  31.7  8 


h 
12.6. 
16.2, 
10.4, 
14.0, 
16.6. 
10.2, 


h 
14.8 
17.4 
11.6 
15.4 
17.8 
11.3 


10.0, 

11.5. 

14.3, 

16.6 

12.5, 

16.2. 

10.4, 

14.1. 

16.6. 

10.2. 


10.9 
12.6 
15.5 

14.8 
17.3 
11.6 
15.4 
17.7 
11.3 


c.  g.  •. 

.^>OdO 

.26649 
.26654 
.26674 

.«0004 

.26668 


.26678 
.26673 

.iSOOOO 

.26665 
.26676 

OAAAA 
.^OOOO 

.26690 
.26670 
.26672 
.26684 


2 

2 

2 

19 

19 

19 


2 

2 

2 

2 

19 

19 

19 

2 

2 

2 


19.1256 
19.1256 


19.1256 
19.1256 


cn 

cn 

cn 

cu 

on 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cu 

cn 

cn 

cn 

cn 

cn 


RxBULfTS  OF  Shorx  Maonbtic  Obsebtations,  1909-14 


ao8 


ISLANDS,  ATLANTIC  OCEAN. 

BBBinmAS. 


SUtion 

Latitude 

Long. 

Eaet 

of  Or. 

Date 

Declination 

Inelinati(Hi 

Hor.  Intensity 

Inatruments 

Obf-r 

Local  Mean  Time 

Vahie 

L.  aI.  T. 

Value 

L.  M.  T. 

Value 

Maji'r 

DipCirde 

Aai^a  Uaad.  A* 

82  17.0  N 
32  17.6  N 

82  15.0  N 
82  16.9  N 

295  12 
29512 

295  10 
295  10 

Jan   10,'10 
Jan   11,10 
Jan  11,10 
Jan  12,10 
Jan   10,10 
Jan  11,10 
Jan   11,10 
Jan   12,10 
Jan   18,10 
Jan  22,10 
Jan  22.10 

h        k        h 

15.4    

10.5,  12.4    .... 
13.9.  16.2,  16.7 

O         f 

10  46.0  W 
10  44.5  W 
10  46.0  W 

h        h 

o        / 

h        h 
15.9.  16.8 
11.1.  12.0 
14.5.  15.7 

e.  0. «. 

.21061 
.21058 
.21062 

2 
2 

4 

CI 

CI 

CI 

10.4,  11.8 
12.5    .... 

67  20.5  N 
67  24.8  N 

201.12 
201.12 

CI 

Anr't  Uhad.  B* 

CI 

10.6.  12.4    .... 
13.9,  16.2,  16.7 

10  50.6  W 
10  52.6  W 

11.1,  12.0 

.20960 

4 
2 

CI 

CI 

13.7.  15.9 

67  24.3  N 

201.12 

CI 

9.9.  11.9    ... 

10.5    

14.2,  16.5    .... 

10  47.4  W 
6  44.6  W 
6  46.3  W 

10.5.  11.4 
11.3.  12.4 
14.7.  15.7 

.20979 

4 
4 
4 

CI 

14.5.  16.3 

10.6.  12.2 

64  56.8  N 
64  56.4  N 

189.9.10 
189.9.10 

HmI's  Uaad  or  Speetaele  I* 
HwHWrfand  or  Bpeetoele  tB* 

.23297 
.23291 

CI 
CI 

Falkland  Islands. 


9m%  fttanhr.  A 

O         9 

51  41.2  8 
51  41.8  8 

51  41.8  8 

302  10 
302  08 

302  08 

Feb    3.'13 
Feb    6, 13 
Feb    6. 13 
Feb  10.13 
Feb  10.13 
¥^  10.13 
Feb  10.13 
Feb  10.13 
Feb  11,13 
Feb  11,13 
Feb  11,18 
Feb  12,13 
Feb  12,13 
Feb  13.13 
Feb  13.13 
Feb  13,13 
Feb  14,13 
Feb  14.13 
Feb  17.13 
Feb  2a  13 
Feb  20.13 
Feb  20.13 
Feb    7.13 
Feb    7,13 
Feb    8,13 
Fbb    8,13 
Feb    8,13 
Feb  10, 13 
Feb  11.13 
Feb  11.13 
Feb  12.13 
Feb  12,13 
Feb  13,13 
Feb  13,13 
Feb  18,13 
Feb  14^13 
Feb  14.13 
Feb  18,13 
Feb  18,13 
Feb  20, 13 
Feb  20.18 

h        k        h 

10.2,  12.4    .... 

9.6,  13.0    .... 

e       t 

10  11.2  E 
10  16.6  E 

A        h 

14.2    .... 

o       t 

45  46.7  8 

h        K 
10.9.  11.8 
10.3,  11.1 
11.8,  12.5 

eg,: 
.26486 
.26472 
.26486 

19 
19 
19 
19 

201.125 

CII 

T\t\  niaahT   IT 

CII 

CII 

16.4.  17.4    .... 

10  14.8  E 

11.3.  11.8 
12.2.  12.5 

12.8.  13.1 
15.0.  15.4 
15.6    .... 

11.9.  12.8 
12.6.  15.7 
16.1    .... 
10.9.  11.6 
12.2.  12.9 

45  50.8  8 
45  51.2  8 
45  51.2  8 
45  51.0  8 
45  51.0  8 
45  50.9  8 
45  50.8  8 
45  50.4  8 
45  53.7  8 
45  52.8  8 

EI  2 
EI  2 
EI  2 
EI  2 
EI  2 
EI  2 
EI  2 
EI  2 
EI  3 
EI  3 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

15.4,  17.1    .... 

10  16.3  E 

15.9,  16.7 

.26479 

19 

CII 
CII 

10.2.  11.7    .... 
12.2,  14.8    .... 

15.4,  16.9    .... 
9.8,  11.5    .... 

12.a  15.4    .... 

16.5,  19.0    .... 
7.7,    9.3,  13.1 

10  15.2  E 
10  18.7  E 
10  16.3  E 
10  16.8  E 
10  18.2  E 
10  14.6  E 
10  14.0  E 

10.6.  llJt 
12.5.  14.5 

15.7.  16.5 

10.3.  11.1 

12.4.  14.9 

.26450 
.26454 

.26478 
.26471 
.26474 

19 

19 

2 

2 

2 

19 

19 

19 

19 

19 

19 

CII 

CII 

cn 

CII 

CII 

CII 

9.8.  10.7 
IIJ.  12.7 

14.1  .... 
11.4.  12.3 

14.2  .... 

.26456 
.26458 

.26466 
.26496 
.26507 

CII 

CII 

CII 

Tmt  fliuilar.  C 

XwaV          •■■•            ••■• 

10  16  J  E 

CII 

CII 

12.4.  12.9 
14.7.  15.1 
15.6.  16.1 

45  51.9  8 
45  50.08 
45  50.7  8 

EI  2 
EI  2 
EI  2 

cn 

cn 

cn 

6.7,    7.8    .... 

10  12.3  E 

19 

cn 

12.0.  12.3 
15.5,  16.0 
10.9.  11.7 
12.3.  12.8 

45  51.9  8 
45  52.0  8 
45  52.8  8 
45  52.4  8 

EI  8 
EI  3 
EI  2 
EI  2 

cn 

cn 

15.4,  17.1    .... 

10  16.8  E 

, . 

15.9.  16.7 

.26491 

2 

cn 
cn 

10.2,  11.7    .... 
12.2,  14.8    .... 
15.4,  16.9    .... 
9.8.  11.5    .... 
12.0,  15.4    .... 
11.6,  17.7    .... 

10  14.5  E 
10  17.2  E 
10  17.4  E 
10  15.8  E 
10  16.9  E 
10  14.8  E 

10.6.  11.3 
12.5,  14.5 

15.7.  16.5 

10.3.  11.1 

12.4.  14.9 

12.8.  15.2 

15.9.  17.0 

.26460 
.26470 
.26460 
.26460 
.26462 
.26470 
.26438 

2 
2 
19 
19 
19 
19 
19 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

13.9.  14.2 
14.6.  14.9 

45  54.9  8 
45  54.4  8 

EI  3 
EI  8 

cn 

cn 

Icsland. 


Bi9«|svilu  il< 


O         0 

64  18.8  N 
64  13.9  N 
64  10.4  N 


•         9 

337  54 

338  08 
338  05 


Sep  3.'14 
Sep  3.14 
Auc  28,14 
Auc  28,14 
Auc  28, 14 


k  k 

llA  12.7 

15.7,  16.9 

8.9,  10.8 

11.1,  13.0 

13.9,  16.2 


34  16.4  W 
30  15.7  W 
44  18.4  W 
44  24.2  W 
44  16.5  W 


k        k 
10.7.  11.0 
17.5.  17.7 


75  36.6  N 

76  06.0  N 


k  k 

11.8.  12.4 

16.a  16.6 

9.4,  10.4 

11.5.  12.7 

14.7,  15.9 


c.9.e. 
.13102 
.12452 
.11675 
.11706 
.11738 


25 

25 

5 

5 

5 


BI25 
BI25 


cm 
cm 
cm 
cm 
cm 
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ISLANDS,  ATLANTIC  OCEAN. 

IcsLAND-— ConeliKiMi. 


station 


IUyk}*Tik,  A  •—CmUiniud . 


R«yki»Tik.  B*. 
lUykJaTik.  CV 

lUykJttTik.  ir*. 


VidaybUnd*. 
QrotU* 


lAtitod* 


•  0 

04  10.4  N 


04  10.4  N 


04  10.4  N 


04  10.4  N 


04  10.4  N 


04  10.4  N 
04  00.7  N 


Long, 
of  Or. 


338  05 


338  05 


338  05 


338  05 


338  05 


338  06 
337  50 


Dato 


Aug 
Aug 
Aug 
Aug 
Aug 
oop 
osp 
Sop 
Sep 

Sop 

o — 

DOp 

Sop 

Sop 

Aug 

Sop 

Aug 

Sop 

Aug 

Sop 

Aug 

Aug 

Aug 

Aug 

Aug 

Aug 

Aug 

Sop 

O0p 

Sop 
Sop 
Sop 
Bop 
Sop 
Sop 
Sop 


20/14 

20.14 

29.14 

30.14 

30,14 

1.14 

1.14 

2.14 

3.14 

4.14 

0.14 

0.14 

0.14 

20,14 

0.14 

20.14 

0.14 

20,14 

0,14 

28,14 

28.14 

28.14 

20.14 

20,14 

20,14 

31,14 

1,14 

1.14 

8,14 

0,14 

0.14 

0,14 

0,14 

0,14 

2,14 


Doottnation 


Loeal  Moan  TImo 


h 

8.4. 
10.8. 
13.0. 


k 

10.5 
12.7 

14.8 


8.5  to  10^(0) 

8.1  to  17.2(0) 

8.2  to  15.0(5) 
11.5.  11.9    ... 

12.8,  13.3    ... 

14.0,  14.5,  15.0 

A9*  *       «  •  •  • 

X  X  A^        •  •   •   • 

14.7,  15.1    .. 

10.8  

15.4  

10.1  

8.0,  10.8  .. 

11.1,  13.0  .. 

13.9.  10.2  .. 
&4.  10.5  .. 

10.8,  12.7    .. 
13.0,  14.8    .. 


Valuo 


44  22.4  W 

44  23.0  W 
44  01.0  W 


14.1  to  10.0(dY) 


8.3  to 

8.0(dT) 

11.5,  11.0    .... 
12.8,  13.4    .... 

14.0.  14.5,  15.0 

Wo 

0.7,  11.1    .... 


44  18.0  W 
44  17.9  W 
44  17.0  W 
44  21.0  W 
44  10.4  W 
44  14.5  W 
43  01     W 

43  08 
42  14 
42  29 

44  87 
44  39 
42  40.9  W 
42  40.3  W 
42  44.4  W 
42  44.2  W 
42  44.8  W 
42  24.0  W 


W 
W 
W 
W 
W 


fiyilft^llfl^yfH 


L.  of.  T. 


8.8  to  12.8 
14.8  to  10.0 

0.0  to  10.8 
11.5  to  13.0 


11.4    ... 


10.0    .... 


10.2    .... 


Valuo 


70  50.7  N 
70  51.0  N 
70  50.2  N 
70  58.7  N 


7720    N 


77  21     N 


77  81     N 


42  84.8  W 


42  30.5  W 
42  43.0  W 
42  41.8  W 
42  37.3  W 
4400  W 
35  23.0  W 


8.0  to  15.0 

0.0  to  10.8 

11.5  to  13.0 


14.0    .... 
11.0.  12.2 


Hot.  IntoBritjr 


I«.  M.  Xt 


h 

0.1, 

11.1. 

18.3. 
0.9, 


h 

10.1 
12.4 
14.3 
10.7 


13.2  to  10.2 


9.0  to  10.0 
8.0  to  10.8 
8.5  to  15.4 


11.4 


10.0 


70  58.4  N 
70  53.8  N 
70  53.5  N 


79  37     N 
70  34.8  N 


lOJ 
0.4. 
11.4, 
14.0. 
9.0, 
11.1, 
13J, 


10.4 
12.7 
15.8 
10.1 
12.5 
14.3 


VahM 


e.g.: 
.11054 
.11700 
.11831 
.11080 
.11798 


.11000 
.11088 
.11708 


J158 


.1189 


0.4  to  15.0 


14.0    .... 
10.1,  10.8 


.11^ 

.11882 

.11802 

.11024 

.11856 

.11888 

.12000 

.11883 


Mag'r 


25 


25 
26 
25 


JO0»8 
.12230 


5 

6 

5 

35 

25 

6 

189 

189 

189 

189 

189 

189 

25 

25 

25 

5 

5 

6 

25 

25 


Dip 


BI25 


BI25 
EI3 


5 

5 

6 

25 

189 

25 


180.7 


iao.7 


180.7 


BI25 
EI  3 
EI  25 


189.7 
EI  25 


Obtt 


cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 
cm 

cm 
cm 
cm 
cm 
cm 
cm 


Madeiras. 


Funohal,  A* 
Funehal.  B* 
Funohal,  C* 
Funehal,  Z>* 


e  / 

e  r 

32  38 

N 

343  05 

32  38 

N 

343  05 

32  38 

N 

343  05 

32  38 

N 

343  05 

Nov  27.'09 
Not  27. 00 
Not  27. 09 
Not  27. 09 


h  h 

14.2  .... 

14.3  .... 
10.4.  11.1 
10.4.  11.1 


20  24.9  W 
20  23.0  W 
18  23.0  W 
17  00.3  W 


h 
15.3 
15.3 
10.8 
10.8 


•     # 
53  52.2  N 

53  52.4  N 

54  07.7  N 
54  13.0  N 


h 

15.4 
15.4 


e.  g.  9. 
.86884 
JB6880 


908 
901 
90S 
901 


203.50 
201.12 
203.5 
201.1 


01 
CI 
CI 
CI 


St.  Helena. 


Longwood.  A  * 


e       t 

15  50.7  8 


e        t 

354  19 


Apr 

Jun 

Jun 

Jun 

Jun 

Jun 

Jun 

Jun 

Jun 

Jun 

Jun 

Jul 

Jul 

Jul 


8.'13 

20.13 

27.13 

27.13 

27,13 

28,13 

28.13 

30,13 

30.13 

30.13 

30.13 

1.13 

1.13 

1.13 


h        h  h 

11.4.  12.7  .... 

12.0.  14.3.  10.2 

9.8.  12.0    

12.0.  15.0  .... 

15.0.  17.4  .... 

9.9.  12.1  .... 
12.8,  14.0  .... 


25  12.0  W 

25  11.5  W 

26  11.4  W 
25  12.2  W 
25  09.4  W 
25  10.4  W 
25  09.4  W 


11.0,  13.2 

13.0,  14.2 

14.0,  14.9 
15.4.  15.7 

11.1,  12.0 

14.0,  14.7 

15.1.  15.0 


30  38.0  8 
30  38.5  8 
30  38.0  8 
30  38.6  8 
30  38.2  S 
30  30.2  8 
30  39.0  8 


h        h 

11.8.  12.4 

14.7.  15.0 

10.4,  11.3 

13.2.  14.3 

10.0.  10.9 

10.4.  11.3 

13.2.  14.1 


e.  g.  9. 
.22120 
.22060 
.22099 
.22007 
.22088 
.22122 
.22092 


19 

4 
4 
4 
2 
2 
2 


EI  2 
EI  2 
EI  2 
EI  2 
EI  2 
EI  2 
EI  2 


cn 
on 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
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ISLANDS,  ATLANTIC  OCEAN. 

St.  Hblbna — Condwkd. 


latitude 

Long. 

EMt 

of  Gr. 

Date 

Deelinmtion 

Inclination 

Hor.  Intenaity 

Inatrumenta 

^xft      ■ 

Sutton 

Local  Mean  Time 

Value 

L.  M.  T. 

Value 

L.  M.  T. 

Value 

Mag'r 

Dip  Circle 

Obe'r 

lii^Buml  A* — CtmHfnitd 

15  50.7  8 
15  56.7  8 

15  50.7  8 
15  50.7  8 

0       t 

35419 
354  19 

354  19 
354  20 

Jul      1,'13 
Jul      2, 13 
Jul      2, 13 
Jul      2.13 
Jul      2.13 
Jul      2.13 
Jul      2.13 
Jul      2.18 
Jul      2,13 
Jul      2,13 
Jul      2,13 
Jul      7, 13 
Jul      7. 13 
Jul      7, 13 
Jun  30,13 
Jun  30, 13 
Jun  30,13 
Jun  30,13 
Jun  30.13 
Jun  30,13 
Jun  8a  13 
Jul     3, 13 
Jul     8,18 
Jul     8,13 
Jul     8. 18 
Jul     7. 18 
Jul     7. 18 
Jul      7. 13 
Jul    15.13 
Jun  20. 13 
Jun  20,13 
Jun  "27,13 
Jun  27,13 
Jun  27,13 
Jun  28,13 
Jun  28,13 
Jul      1, 13 
Jul      1, 13 
Jul      1, 13 
Jul      1, 13 
Jul      1. 18 
Jul      1, 13 
Jul      1. 18 
Jul      1, 13 
Jul     2,13 
Jul     2,18 
Jul      2,13 
Jul      2,18 
Jul     2.13 
Jul     8.13 
Jul    15.13 

h        h        h 

e        / 

h     h 
10.0,  10.4 
10.5.  10.8 

11.2.  11.4 
11.0,  11.7 
11.9,  12.1 
13.4,  13.6 

14.0,  14.1 

14.3,  14.0 

16.1,  15.4 
15.8,  10.1 
10.4    .... 

o        / 

30  89.8  8 
30  38.0  8 
30  87.6  8 
36  37.6  8 
80  39.9  8 
80  39.18 
30  39.28 
30  89.2  8 
30  39.8  8 
30  40.5  8 
30  41.0  8 

h        h 

e.  g.  9. 

EI  2 
EI  3 
EI  3 
EI  3 
EI  3 
EI  8 
EI  3 
EI  3 
EI  8 
EI  8 
EI  8 

cn 

17.1,  17.0    .... 

25  11.2  W 

4 

CIl 

CII 

cn 

CII 

cn 

cn 

CII 

cn 

CII 

cn 

10.4,  12J.  13.1 
14.0,  15.0,  10.8 

25  08.2  W 
25  09.0  W 

10.9.  11.8 
13.5.  14.2 
15.4,  lOJ 

2 
2 
2 

.22092 

.22102 
.22072 

cn 

cn 

CII 

Loi^wood,  B*.    . 

11.8,  12.3 
13.2,  13.4 

13.7,  13.9 
14.2,  14.4 

14.8,  15.0 
15.4,  15.0 
15.9    .... 

30  45.7  8 
30  45.7  8 
30  40.9  8 
30  40.0  8 
80  47.3  8 
80  47.0  8 
80  48.28 

EI  3 
EI  3 
EI  3 
EI  3 
EI  8 
EI  3 
EI  8 

cn 

CII 

cn 

cn 

cn 

cn 

cn 

10.0,  11.5,  12.5 
18.5,  18.9,  15.0 

24  43.8W 
24  43.0W 

10.4.  IIJ 

12.8,  13J 
14.2,  14.7 
15.0    .... 

10.9,  11.8 
13US,  14.2 
15.4,  10.3 

.22072 

4 
4 
4 
4 
4 
4 
4 
4 
2 
2 
2 
2 
4 
4 
4 

cn 

.22070 
.22008 

.220S0 

.zsxyn 

.22004 
.22042 

cn 

cn 

cn 

10.4,  12.8,  18.1 
14.0,  15.0.  10.8 

24  41.7  W 
24  42.8  W 

cn 

cn 

cn 

10.2.  11.8    .... 
12.0.  14.3.  10.2 

24  42.8  W 

25  03.2W 

cn 

'  11^ 1  r^ 

18.0,  14.7 
15.0    .... 
10.4.  11.3 
13.8,  14^ 
10.0.  10.9 
10.4.  IIJ 
13J,  14.2 

.21565 

.21550 
.21578 
J1508 
.21684 
.21588 
J1567 

cn 

cn 

9.8,  12.0    .... 
12.9,  15.0    .... 
15.0,  17.4    .... 

9.9,  12.1,  12.8 
14.0,  10  J.  17.4 

25  03.0  W 
25  04.0  W 
25  04^W 
25  05.9  W 
25  04.7W 

cn 

cn 

cn 

cn 

cn 

10.6,  10.9 
11.2,  11.5 
11.8,  12.0 

12.2.  12.4 
13.8.  14.4 
14.8.  15.2 

15.0.  15.8 
16.2    .... 
IIUS,  12.0 

12.3.  12.6 
13.3,  13.8 

14.1.  14.4 

15.2.  15.0 

87  80.8  8 
37  80.9  8 
87  80.18 
37  37.8  8 
87  30  9  8 
37  30.88 
87  37.5  8 
87  37.3  8 
87  84.5  8 
87  80.2  8 
37  80.8  8 
87  87.0  8 
37  37.0  8 

EI  8 
EI  8 
EI  8 
EI  8 
EI  3 
EI  8 
EI  3 
EI  3 
EI  2 
EI  2 
EI  2 
EI  2 
EI  2 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

1— B 1    f>* 

15.4,  17.4    .... 

20  07.2  W 

15.9,  17.0 

.22805 

4 

cn 

10.3.  10.8 

85  25.6  8 

201.12 

cn 

West  Indies. 


hriAim  t.  Scorpion  Point. . 

18  ia2  N 
18  08.8  N 

18  06.8  N 

294  41 
294  88 

294  33 

Aug   0.'10 

Jul    20.10 
Jul    20.10 
Jul    29.10 
Jul    80.10 
Jul    80,10 
Jul    27,10 

h        h        h 

10.2,  12.7    .... 

o       » 

2  54.1  W 

h        h 
13.9,  17.1 

10.9,  11.0 
14J    .... 

50  20.7  N 

49  68.8  N 
49  54.1  N 

h        h 
10.7.  12J 

eg,  9. 
.28480 

4 

201.12 

201.18 
201.12 

cn 
cu 

cn 

10.0,  14.2,  10.2 
9.0,  11.4    .... 
13.4,  15.0    ... 

2  22.0  W 
2  20.4  W 
2  23.1  W 

11.0.  15.2 
10.2,  10.9 
18.8,  14.5 

.28822 
J8810 
.88885 

4 
2 

8 

cn 

cn 

cn 

~             f 

10.3.  10.9 

60  00.0  N 

201.12 

cn 

*Loedl  di#1urbannt 


igo»-i§ 


IBLAHDB^  ATliANnC  OCBAN. 

Wan 


ISOMK 


ItOMH 


if  Or. 


1J17,  Ul4 
lOUOl  113 


•    ' 


S91SW 
tUJMW 
SflLSW 

SMJW 

SMJW 

sa0w 

SMJW 


£1.11.1: 


us  ... 


•  # 


LM^T. 


MJ   .... 

4i^B>V        •  «  •  • 


S 
S 
4 
4 
4 
4 
S 
S 


cn 
en 
cn 
cn 
cn 
cn 
cn 
cn 
cn 


ISLANDS^  INDIAN  OCEAN. 


Ook^bOb  B 


ColoBibOt  C 


•  MJII 


664.3N 


064.9N 


•    0 
7f0 


79  08 


70  68 


Job 
JvB 

J«B 


Job 
Job 
Job 

J«B 

Jim 
Jva 
Jim 
Jim 
Jim 
Jim 
Jim 
Jim 
Jim 
Jim 
Jim 
Job 
Jim 


tM,ni 
18;  11 

18,11 
14,11 
14.11 
14,11 
Uwll 
Uwll 
18111 
18b  11 
18b  11 
17.11 
17*11 
18,11 
18,U 
87,11 
87.11 
88,11 
88.11 
88.11 
88.11 
88.11 
18.11 
18.11 
18,11 
10.11 
10,11 
10.11 
80.11 
80,11 
80,11 
80,11 
81,11 
81,11 
81.11 
81.11 
87.11 
18.11 
18.11 
14.11 
14.11 
14.11 
18.11 
18.11 


8        8        8 

ISJ.  14j8   ... 


VOJkUS,  14J 


9J,  lao  .... 

108111.8  .... 

18i7(,  ]8u8  .... 

IflLl*  18L8  .... 

18Jb  lU  .... 

&8,  tjiiao 

18L8w  18J^  18u8 
liJi,  17J   .... 


lOlOl  10L8 

104,107 

8J111.8 

18Jb  18.8 


8^    OA  101 

18j8,  18.8,  15.8 


14.5.  18A  17.4 
lOA  14.8.  14.7 


OA  10.0 
10.8,  11.0 

18.7.  108 
lOl.  18JS 

18.8.  15.8 


8e8L8W 


18Bu4W 


184JW 

1814W 

1 

1 

1847W 

184JW 

1808W 

184JW 


1 

187.0W 
186j8W 
187.4W 


1808W 
1 


188.1W 
1844W 


1854W 
185.8W 
185.8W 
180.3W 
185.8W 


107   .... 


108L11j4 
ISJ  .... 
18L8bl8LS 


18J.  18L7 
18.1.  1&8 
lOl.  17i> 
17J   .... 


ISO.  18J 
18J,  14X) 
14J  .... 
0 J.  108 
1L8.  18.7 
IZX  14.0 
14J,  15J 

llA  lU 
18  J.  18  J 
14A  14J 
15J.  15J 


•     # 


487J8 


48088 
487.78 
48048 

48078 


4S708 
4a7J8 
480S8 

480i>8 
488J8 


48008 
48048 
48078 
48088 
4807B 
48088 
48048 
48088 
487J8 
487J8 
48088 


lOXlOS 


11j«»  108 
lOJL  lOS 


14J.108 
00    08 

14J;  108 


100  18J 


08.    0  J 
104,  loa 

141.  loa 


15  J.  100 
IIJ,  108 
15  J.  108 
107.  11 J 


14.4,  100 

loj,  101 

14.1,  104 


J8108 
J8184 


J8808 

J7007 
J7O90 
J8068 


J8000 


4 
4 
4 
4 
8 
S 
8 
8 
8 
8 


8 
8 
8 
8 


4 
4 
4 


8 
8 
8 
8 
8 
4 
4 
4 


08 


XI8 

n8 

SI8 
EI8 
EI8 


BI8 
SI8 
EI8 
SI8 
BI8 
KI8 
EI8 
BIS 
EIS 
BIS 
BIS 


CD 

cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 

OB 

cn 

cn 

cn 

cn 

cn 

on 

on 

on 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

on 

on 

on 

cn 
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ISLANDS,  INDIAN  OCEAN. 

Jata. 


SUIioo 

Tfatit^rtt 

Long. 

EMt 

of  Or. 

Date 

DeeUaation 

Indination 

Hor.  Intendty 

laetrumeata 

^%m^    • 

Loeal  Mean  Time 

Value 

L.  M.  T. 

Value 

L.  M.  T. 

Value 

Mag'r 

DipCMe 

Obe*r 



vedaa  (BaUtUK  A. .. 
vidM  (BateTia). B  ... 

'ndn(B*toTia).P<iril 
ndn  (BfttoTui).  Pirn  C 
TCd«  (BAtaTia). 

611.0  8 
611.0  8 

6  11.0  8 
6  11.0  8 

6  11.0  8 
611.08 

106  60 
106  80 

106  60 
106  50 

106  60 
106  60 

Not    l.'ll 
Not    1.11 
Not    1.11 
Not   4.11 
Not  4.11 
Not  la  11 
Not   8.11 
Not   8.11 
Not   8.11 
Not   8.11 
Not   8.11 
Not   8.11 
Not   7.11 
Not   7.11 
Not   8.11 
Oel  80,11 
Oei  81.11 

Not   8.11 
Not   8.11 
Not   8.11 

Not   4.11 
Not  la  11 
Not  18. 11 
Not  18. 11 

k        h        h 

•     f 

h     h 
10.8.  11.6 
16.8.  16.8 
16.4.  17i> 

•     / 
81 17.0  8 
81  90.0  8 
81  90.4  8 

k       h 

e.  g.  a. 

B18 
BI8 
El  8 

cn 

• 

on 

cn 

8.7.  11  J.  14J 

16.7,  17.0    .... 

16.8.  16.1.  16.4 

041.6B 
0  41.7B 
046.0B 

9.8.  10.8 
118.  16.4 

.86700 
.86708 

4 
4 
4 

cn 

cn 

cn 

Wokai 

8.7.    9.6 
10.8.  ia7 
11.1.  18.0 
13.6    .... 

81 19.0  8 
8118.6  8 
8118JI8 
8118X)8 

BI8 
BI8 
BI8 
BI8 

cn 

cn 

cn 

cn 

7J.    &6.    8.9 
laa  10.8.  18.4 

8«Jl        ••••        •••• 

04S.8B 
046X)B 
046.7B 

7.8.  9.6 
10.7.  18.1 

J6788 
J6718 

cn 

cn 

cn 

WollM 

80.0.  21.4 

90.6   

19.7.  81 J 
19.6.  80.6 

J6706 
J6717 
.86786 
J6737 

cn 

cn 

Wtflov 

cn 

cn 

Mh^ 

80.9.  88.1    

90.4.  90.6    

80.9.  81.1    .... 

0  47.6  B 
047.8B 
0  47.0  B 

cn 

NdM  (BoteTb). 
h^JMwitr  ^<fr 

cn 

cn 

^j5 

81.4.88.1 
19.4.  19.9 
81.0.  81.6 
88.6.  811 

81 19.6  8 
81  80.0  8 
81  81 J  8 
81  90.1  8 

BIS 
BIS 

BIS 
BIS 

cn 

cn 

cn 

cn 

Maukitius. 


80  0648 
8006.6  8 


9006.6  8 


8006.68 


•    » 
57  84 

67  84 


67  84 


67  84 


A«g 
Aug 
Aug 
Aug 
Aug 
Ai« 


A«g 

Aug 
Aug 


Aug 

Ai« 

Av 
Aug 
Aug 
Aug 
Aug 
Aog 
Ang 


Aug 
Aug 
Aug 
Aug 
Aug 
Aug 


ia.*ii 

18.11 
8,11 
9.11 
9.11 

lan 

14.11 
14.11 
14.11 
1111 
16.11 
16.11 
16.11 
16.11 
16.11 
16.11 
9.11 
9.11 

laii 
laii 
11.11 
11.11 
11.11 
11.11 
11.11 

18.11 
18.11 


k        h       h 
8.8.  11.8.  12J 


119.  16.6 

8.9.  lao 

lai  11.4 

V»4P        •  •  •  • 


116.  16.8.  16.6 


9  88.9  W 


888.6W 
848.8W 
8  46.0  W 
841JW 


9  49.9  W 


10.6.  11.0 
11.6.  18.8 
119.  16.4 
16J.  17.0 
7.6.  8.8 
9.6.  lai 
10.6.  11.1 
11.1  18.6 
18J.  18J 
16.1.  16.8 


9.1  lOJO 
10.6.  11.1 

11.6.  11.9 

117.  16.8 

16.7.  16.9 

118.  16.8 
16.6.  16.9 


64  87.6  8 
64  87  J  8 
64  86.9  8 
64  87.7  8 
64  87.88 
64  87.4  8 
64  87.08 
64  86.7  8 
64  87.08 
64  87.08 


68  8188 
68  8168 
68  88.9  8 
68  88.7  8 
68  88.88 
68  88.88 
88  88.4  8 


h       h 

9.6.  10.8 

10.8.  11.4 

16.7  .... 

9.6.  10.9 


9A  10.8 


16.1.  16.9 

16.9  .... 

11.8.  18.0 

16.7  .... 


e.f.t. 
.88817 
.88818 

jsiao 

.38148 


J8148 


.38580 


.38619 


4 
4 
4 
4 
4 
4 


4 
4 
4 
4 


BIS 
BIS 
BIS 
BIS 
BIS 
BIS 
BIS 
BIS 
BIS 
BIS 


BIS 
BIS 
BIS 
BIS 

BIS 
BIS 
BIS 


cn 
cn 
cn 
cn 
cn 
cn 
cn 
on 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
cn 
on 
cn 
cn 
on 
cn 
cn 
cn 
cn 
cn 
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OcBAN  Maonstic  Obbbbvations,  1905-16 


ISLANDS,  PACIFIC  OCEAN. 
Fui  Islands. 


SUtkm 

Latitude 

Long. 

East 

of  Or. 

Date 

DeelinatUm 

Inetinatkwi 

Hot.  Inteoi&lgr 

I».U»»» 

^\a^_a_ 

Loeal  Mean  Time 

Value 

L.M.T. 

VahM 

L.M.T. 

Value 

BCac'r 

Dip  aide 

Ob^ 

BIIV&  T OUa  j1.......... 

18  07.1  S 
18  07.1  8 

178  25 
178  25 

Jun  13.'12 
Jun  13.12 
Jun  14.12 
Jun  14.12 
Jun  19.12 
Jun  19.12 
Jun  19.12 
Jun  19.12 
Jun  11,12 
Jun  12.12 
Jun  12.12 
Jun  12.12 
Jun  13.12 
Jun  13.12 
Jun   14,12 
Jun  14,12 
Jun  15,12 
Jun  15,12 
Jun  17,12 
Jun  17,12 
Jun  17,12 
Jun  17,12 
Jun  18,12 
Jun  18,12 
Jun  18.12 

h       h        h 
10.3.  12.8    .... 
13.9.  16.1    .... 
10.6.  13.8    .... 
14.2.  16.0    .... 

10  22.8  E 
10  24.6  E 
10  22.9  E 
10  28.6  E 

k       k 

o       t 

k       k 
10.8,  12.2 
14.3.  15.5 
11.3,  18.4 
14.6,  15.5 

e.g.». 
.34734 
.84705 
il4781 
.84708 

4 
4 
2 
2 

cn 

en 

cn 

cn 

lOJ.  11.0 
11.5,  12.0 
13.4.  14.3 
15.0.  15.6 

38  27.8  8 
88  28.4  8 
88  28.0  8 
88  27.9  8 

EI  2 
EI  2 
EI  2 
EI  2 

cn 

cn 

cn 

cn 

Suva  you.  B 

14.6.  16.4    .... 

10.7.  12.0,  12.9 
14.3,  15.7    .... 
16.0,  17.1    .... 
10.3,  12.8    .... 
13.9,  16.1    .... 
10.6,  13.8    .... 
14.2,  16.0    .... 
lOJ,  10.6,  10.9 
11.2,  11.9    .... 

10  26.5  E 
10  23.7  E 
10  26.2  E 
10  26.4  E 
10  25.0  E 
10  25.4  E 
10  24.8  E 
10  24.8  E 
10  24.2  E 
10  24.2  E 

15.3    .... 
11.2.  13.4 
15.0    .... 

.84652 
.84677 
.34669 

a 

2 
2 
2 

2 
2 

4 
4 
4 
4 

cn 

cn 

cn 

cn 

10.8,  12.3 
14.4.  15.6 
11.3,  13.3 
14.6,  15.5 

.84672 
.34654 

.8406o 
.84688 

cn 

cn 

cn 

cn 

cn 

cn 

13.0.  13.4 
13.9.  14J 
14.7.  15.1 
15.6    .... 

10.1.  10.6 
11.1.  11.8 
14.6.  15.1 

38  28.88 
88  28.88 
88  28.68 
88  28.7  8 
88  27.6  8 
38  28.0  8 
38  28.88 

BI2 
EI2 
EI  2 
EI2 
BI2 
EI2 
EI  2 

cn 

cn 

cn 

cn 

cn 

cn 

- 

cn 

Philippine  Islands. 


Antipolo,  ii 

0       / 

14  35.9  N 
14  35.9  N 

14  35.9  N 

121  11 
12111 

12111 

Feb  14.'12 
Feb  14,12 
Feb  14,12 
Feb  14,12 
Feb  14,12 
Feb  14.12 
Feb  17.12 
Feb  19.12 
Feb  19.12 
Feb  20. 12 
Feb  20.12 
Feb     8.12 
Feb     9.12 
Feb     9. 12 
Feb  10.12 
Feb  15.12 
Feb  15.12 
Feb  15.12 
Feb  16.12 
Feb  20.12 
Feb  20. 12 
Feb  22. 12 
Feb  22. 12 
Feb  10.12 
Feb  10.12 
Feb  12.12 
Feb  13.12 
Feb  13.12 
Feb  13.12 
Feb  13.12 
Feb  22.12 

h        h 

h 

•     * 

k       k 
8.6.    9.0 
9.5.  10.0 
11.0,  11.6 
12.0,  14.1 
14.6,  14.9 
15.3.  15.6 

o       # 

16  17.7  N 
16  16.8  N 
16  15.8  N 
16  16.7  N 
16  17.5  N 
16  18.0  N 

k       h 

e.9.0. 

EI2 
EI2 
EI  2 
EI  2 
EI2 
EI2 

cn 

cn 

cn 

cn 

cn 

cn 

9.2    .... 
14.1.  16.2 
17.6,  17.8 

9.0.  10.5 
11.0.  11.3 
14.8.  16.3 

9.8.  11.0. 
13.8.  15.2 

7.3.    7.8 

•  a     •     • 

•  *    •    • 

•  ■    ■    • 

•  •    •    « 

•  •    •    • 

•  •    •    • 

11.3 

•  •  •  • 

•  •  •  • 

0  38.7E 
0  39.4E 
0  39.8E 
0  38.6E 
0  37.9  E 
0  43.4E 
0  40.9E 
0  42.2E 
0  42.9E 

9.9    .... 
147.  15.8 

.38211 
.38203 

cn 

cn 

cn 

9.6    

.38225 

cn 

cn 

Antipolo,  B 

15.5  .... 
10.3.  11.9 

14.6  .... 

.38193 
.38218 
.38183 

cn 

cn 

cn 

cn 

14.3.  15.0 

15.4.  16.1 
16.6.  17.1 

8.9.  10.4 
16.2.  17.0 
17.7    .... 

16  08.6  N 
16  06.9  N 
16  08.9  N 
16  07.8  N 
16  09.3  N 
16  10.5  N 

£12 
EI  2 
EI2 
EI  2 
EI  2 
EI  2 

cn 

cn 

cn 

cn 

12.0.  14.2. 

14.4 

0  41.4E 

4 

cn 

cn 

6.8.    7.0, 
7.6,    7.9. 
9.0.  10.5. 

7.3 

8.1 

11.8 

0  41.8E 
0  41.5  E 
0  39.5E 

cn 

cn 

Antipole  C 

•r»f          •  •  •  • 

11.3.  12.2 
14.1    .... 

.38227 
.38220 
.88224 

cn 

cn 

11.7,  12.1, 

14.6 

0  39.3E 

cn 

11.0.  11.8 
14.3.  15.0 
15.6.  16.0 
16.5    .... 

16  11.2  N 
16  12.6  N 
16  13.0  N 
16  13.8  N 

EI  2 
EI  2 
EI  2 
EI  2 

cn 

cn 

cn 

cn 

10.6,  10.9. 

11.1 

0  38.9E 

4 

cn 

I 

i 


Rxsm/TB  OF  Shobb  Maonxtic  Obsbbvations,  1909-14 


300 


ISLANDS,  PACIFIC  OCEAN. 
Socutt  laiANDB. 


Latitude 

Long. 
Eaet 
of  Or. 

Date 

Declination 

Inclination 

Hot.  Intensity 

Inetrumenta 

Obe-r 

Statkm 

Local  Mean  Time 

Value 

L.  M.  T. 

Value 

L.  M.  T. 

Value 

Mac'r 

DipCirele 

PkMMie* 

17  81.8  S 
17  83.0  S 

17  88.0  8 

210  27 
210  25 

210  25 

Sep  27.'12 
Sep  28,12 

Sep  20,12 
Sep  90,12 
Sep  20,12 
Sep  20.12 
Sep  23.12 
Sep  23.12 
Sep  23.12 
Sep  24.12 
Sep  24.12 
Sep  24.12 
Sep  25.12 
Sep  25.12 
Sep  25.12 
Oel     8.12 
Oel     8.12 
Oel     8,12 
Oel     4.12 
Oel     4,12 
Oel     4.12 
Oel     4.12 
Oel  iai2 
Oel  10.12 
Oel  10.12 

Sep  19.12 
Sep  19.12 
Sep  19.12 
Sep  19.12 
Sep  21.12 
Sep  21.12 
Sep  24.12 
Sep  24.12 
Sep  84.12 
Sep  25.12 
Sep  25.12 
Sep  25.12 
Sep  25.12 
Sep  26.12 
Oel     8.12 
Oel     8.12 
Oel     8.12 
Oel     5.12 
Oel     5,12 
Oel     5,12 
Oel     5,12 
Oel     5.12 
Oel     5.12 

k        h        k 

•    * 

14.8    .... 

30  00.7  8 

h        h 

c.  g.  t. 

201.125 

cn 

^^^ 

9.8.  11.6    .... 

8  21.5  B 

10.4.  11.2 

.4NMVD 

4 

CII 

iHMlOBnlUUMl  (Pl^Mele 

.......... 

10.2,  11.0 
12.6.  13.1 
18.8,  14.5 
15.1    .... 

29  39.3  8 
20  87.6  S 
29  37.8  S 
29  38.0  S 

EI  2 
EI  2 
EI  2 
EI  2 

CII 

mm^mWmmft  JB 

•  •••••••••••■••• 

cn 

CII 

CII 

9.0,  10.6,  10.8 
12.1,  18.8,  14.5 
16.6,  17.8    .... 

9.6,  11.6,  12.8 
14.5,  15.1,  16.6 

9  58.6  E 

10  01.5  E 

10  02.4  E 

9  58.9  E 

9  59.8  E 

9.8.  11.4 
18.9    .... 

.88834 

.88810 

2 
2 
2 

19 
19 

19 

cn 

CII 

CII 

10.1.  11.3 

13.2.  14.1 

15.5.  16.3 

9.8.  10.8 
11.7.  18.2 
14.2,  15.2 

9.9.  10.9 

12.6.  18.8 
14.2.  14.9 

.88881 
33800 
JI3820 
.83821 
.38800 

.88854 

.88857 
.83854 

CII 

CII 

CII 

9.4.  11.2,  11.4 
18.6,  18.8,  15.6 

9  57.7  E 
10  00.6  E 

CII 

CII 

CII 

9.8,  11.4,  12.2 
18.6.  18.9.  15.8 

9  58.1  B 
10  00.8E 

CII 

CII 

CII 

11.0,  11.6 
18.8,  18.7 
14.7.  15.4 
16.0    .... 

20  36.4  S 
29  86.9  S 
29  88.0  S 
29  88.8S 

EI  2 
BI2 
EI  2 
EI  2 

CII 

cn 

cn 

cn 

w*0       ••••        •••• 

1.0  to  6.0(dT) 

w«X       •••«        •••• 

9  58.7  E 
9  50.3  E 
9  50.2  E 

19 
19 
19 

cn 

cn 

cn 

Ih^I  Oefal  Ubad  (Papeete 
■«Wr).tf* 

10.6.  11.2 
11.6.  12.8 
14.1.  14.6 
15.4.  16.0 

29  38.9  S 
29  37.7  8 
29  86.6  S 
29  87.3  S 

EI  2 
BI2 
BI2 
EI  2 

cn 

cn 

cn 

cn 

9.7,  11.1,  11.3 
13.2,  13.4.  14.9 

9.6.  11.6.  12.8 
14.5.  15.1.  16.6 

10  01.1  B 
10  04.6  B 
10  05.0E 
10  06.4  B 

10.8.  12.5 
14.1    .... 

10.1.  11.3 

13.2,  14.2 
15.5.  16.8 

9.9.  10.8 
11.7.  18.2 

.83800 

.83868 
.33858 
.83840 
338S0 

2 
2 
2 

cn 

cn 

cn 

cn 

cn 

9.4.  11.2,  11.4 
13.6.  13.8,  15.6 
16.8.  17.6    .... 

10  02.8B 
10  04JE 
10  04.1  B 

.83802 

33880 

cn 

cn 

cn 

14.1.  15.2 

^3876 

cn 

9.3,  10.8    .... 

9.8,  11.4,  12.2 

18.6.  18.9,  15.3 

10  01.7  B 
10  01.8  E 
10  04.9  E 

cn 

9.8.  11.0 
12.5,  13.3 
14.2,  15.0 

.33901 
.33918 
J3808 

cn 

cn 

cn 

9.9.  10.5 
11.0.  11.4 
11.8.  18.2 
13i^  14.2 
144^  15.0 
15.5    .... 

29  37.6  S 
29  86.8  8 
29  36.9  S 
29  37.2  8 
29  37.6  S 
29  88.2S 

EI  2 
EI  2 
BI2 
EI  2 
BI2 
BI2 

cn 

cn 

cn 



cn 

cn 

cn 

1 

'Local  disturbance. 


DESCRIPTIONS  OF  SHORE  STATIONS,  190^1914. 

One  of  the  chief  difficulties  experienced  by  the  obeervers  of  the  Department  of  Terres- 
trial Magnetism  in  the  reoccupation  of  old  stations  for  secular-variation  data  has  been  the 
lack  of  information  necessary  to  precise  recovery  of  the  point  where  the  previous  obeerva- 
tions  were  made.  Owing  to  the  frequent  occurrence  of  local  disturbances,  it  may  readily 
happen  that  erroneous  secular-variation  data  will  result  from  non-recovery  of  exact  station. 
Accordingly  the  observers  of  the  Department  are  instructed  to  furnish  as  complete  descrip- 
tions as  possible  of  stations  occupied,  especially  of  such  as  give  promise  of  future  availability. 
Information  additional  to  that  contained  in  the  published  descriptions  or  copies  of  station- 
sketches  or  of  photographs  of  surroundings  will  gladly  be  supplied  to  those  interested  in  the 
reoccupation  of  any  of  the  stations. 

The  descriptions  are  given  in  alphabetical  order  under  the  same  geographical  divisions 
adopted  in  the  preceding  Table  of  Shore  Results.  The  general  form  followed  in  the 
descriptions  is:  name  of  station,  year  when  occupied,  general  location,  detailed  location, 
distances  and  references  to  surroimding  objects,  manner  of  marking,  and  iSnally  the  true 
bearings  of  prominent  objects  likely  to  be  of  permanent  character.  All  bearings,  unless 
specifically  stated  otherwise,  are  true  ones,  and  are  reckoned  continuously  from  0^  to  360°, 
in  the  direction  south,  west,  north,  east.  When  no  mention  is  made  of  marking  of  station, 
it  is  to  be  imderstood  that  the  station  was  either  not  marked  at  all  or  not  in  a  permanent 
manner. 

Most  of  the  measured  distances  were  made  originally  in  the  English  system;  however, 
the  distances  obtained  by  conversion  into  the  metric  system  are  also  given,  but  inclosed  in 
parentheses,  so  as  to  show  that  they  are  converted  figures.  The  following  rules  have  been 
adopted  in  the  conversions:  distances  ^ven  to  0.01  foot  are  converted  to  the  nearest  0.001 
meter,  0.1  foot  to  the  nearest  0.01  meter,  1  foot  to  the  nearest  0.1  meter,  estimated  feet  or 
yards  to  nearest  meter,  estimated  fraction  of  a  mile  to  nearest  0.1  kilometer,  and  estima- 
tions of  more  than  a  mile  to  nearest  kilometer.  Short  and  important  reference  distances, 
when  measured  accurately,  have  been  converted  into  nearest  0.1  centimeter;  such  measure- 
ments, however,  as,  for  example,  dimensions  of  markingnstones,  etc.,  which  are  not  of  great 
importance,  have  been  converted  to  the  nearest  centimeter.  If  a  distance  is  given  immedi- 
ately preceding  an  azimuth  of  a  mark,  it  is  to  be  interpreted  as  distance  from  the  magnetic 
station  to  the  mark. 


AFRICA. 

British  South  and  Central  Africa. 

Cape  Town^  Cape  Colony.  1011. — ^Four  stations,  A,  B,  C, 
and  £>,  all  in  line  with  bottom  of  weather  vane  on  hos- 
pital tower,  were  established  in  field  belonging  to  the 
Yalkenberg  Mental  Hospital;  the  field  is  back  of 
North  Lodge  and  bounded  on  north  and  west  by  Royal 
Astoonomical  Observatory,  with  avenue  along  western 
boundary  leading  to  hospital.  Main  station,  A,  is 
one-third  kilometer  northwest  of  hospital,  273  feet 
(83.2  meters)  from  fence  bounding  avenue  to  west- 
ward, and  same  distance  fn>m  fence  bounding  field  to 
southwajd;  marked  by  wood  post  projecting  about  2 
feet  6  inches  (76  cm.)  above  ground,  cent^  of  post 
m^yking  exact  point.  True  bearings:  triangulation 
mark  on  DevU's  Peak,  3  kibmeters,  60"*  0619;  gable 
of  lodge,  127*  08 '6;  bottom  of  weaUier  vane  on  hos- 
pital tower,  318*  11  ^8.  B  is  08.4  feet  (29.00  meters) 
nearer  hospital  than  A.  C  is  00.7  feet  (27.65  meters) 
further  from  hospital  than  A,  D  is  181.6  feet  (55.35 
meters)  farther  from  hoq;>ital  than  A, 
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EUROPE. 

Gbbat  Britain. 

FalmotUh,  England,  1000,  1013.— Three  stations,  desig- 
nated A,  B,  and  C,  were  occupied  in  1013,  A  tatd  B 
being  reoccupations  of  1000  stations.  Main  station  A 
is  on  flat  forming  Trefusis  Point,  11  meten  from  edge 
of  bush  on  bank,  41.6  meters  from  southeast  post  of 
football  goal  and  37.6  meters  from  northwest  post  of 

goal;  marked  by  cross  in  top  of  Oregon  pine  post  suoJe 
ush  with  ground.  True  bearings:  sharp  diureh 
spire  on  hilltop,  43"*  20^3;  center  of  St.  Anthony 
Lifi^thouse  tower,  308°  50'():  main  flagpole  on  Pen- 
dennis  Castle,  330"*  52  :i.  B  is  20.15  meters  nc^tb- 
west  of  ii,  on  asimuth  lineproduoed  from  St.  Anthony 
Lis^thouse  tower,  and  29.0  meten  from  northwest 
post  of  football  goal.  C  is  28.40  meters  northeast 
of  A,  on  asimuth  line  produced  from  church  spire  on 
hilltop. 
Falmouth  Oheervatary,  Enffiand,  1909,  1913.— Observations 
were  made  at  Ailmouth  (Jbservatorjr  on  brick  pier  in 
the  hut  used  for  absohita  observaUons,  and  iised  in 
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NORTH  AMERICA. 

Umitu)  QrATEBr—ooncluded. 

Cfreenpart,  Long  Idand,New  York,  1909, 1910, 1913, 191^ 
oootinued. 

with  United  States  Coast  and  Geodetic  Survey  station 
of  1904.  It  is  in  northern  part  of  school  grounds  just 
soutJi  cl  row  of  large  maple  trees;  marked  by  marble 
post  lettered  on  top  "  U.S.C.  A  G.S.  1904,"  with  hole  at 
center  marking  precise  point.  Prert>yterian  Church 
spire  is  in  true  bearing  203"*  22!2.  SUtion  B  is  52.7 
feet  (16.06  meters)  from  station  A  in  line  from  A  to 
spire  of  Catholic  Church.  Catholic  Church  spire  is 
in  true  bearing  45*  27'4. 

New  York  (Bronx  Park),  New  York,  1909, 1910.— SUtion  A 
in  Botanical  Gardens  of  Bronx  Park,  east  of  Botan- 
ical Museum  and  east  of  the  BnHix  River,  at  the 
higjiest  point,  and  near  center  of  open  space  south- 
east of  stone  nut.  The  southwest  comer  of  stone  hut 
is  distant  193.6  feet  (59.02  meters),  a  lamp-post  on  the 
west  side  ol  park  road  is  74.6  feet  (22.73  meters)  to 
the  east-northeast,  and  a  second  lamp-post  is  93.2  feet 
(28.41  meters)  to  the  southeast  on  the  east  side  of 
park  road.  The  station  of  the  U.  S.  Coast  and 
Geodetic  Surv^  is  distant  129.5  feet  (39.45  meters) 
to  the  west.  The  station  is  marked  bj  a  heavy  wedge 
about  16  inches  (40  cm.)  long,  projecting  about  4 
indies  (10  cm.)  above  the  general  surface.  True  bear- 
ings: flagpole  on  police  station,  128"*  3710;  southwest 
comer  of  stone  hut,  166*  33!  8.  An  auxiliary  station, 
B^  was  established  on  the  hne  joiningthe  mam  station 
with  flagpole  on  police  station  of  Precinct  No.  79, 
proNduced  northwestwardly  67.3  feet  (20.5  meters). 
This  point  is  about  2)  feet  (0.8  meter)  lower  than  the 
principal  station  and  on  the  edge  oi  a  small  bluff. 

SOUTH  AMERICA. 

Abgxntina. 

Buenos  Airee,  Vidoria,  1911.-— Observations  were  made  to 
northwest  of  Victoria  Cemetery  about  200  meters 
north  of  station  of  Argentine  Meteorological  Office. 

Pilar,  Cordoba,  1911.— Four  stations.  Pier  1,  Pier  8, 
station  B,  and  station  C.  were  established  at  the 
Magnetic  Observatory;  all  in  line  with  observatorv 
mark  No.  1  (black  line  painted  on  stone  pier)  which 
is  in  true  bearing  100*^  14'.6.  Pier  1,  m  absolute 
house,  is  139.2  meters  east  of  mark  No.  1,  and  is 
observatory  station  for  absolute  determinations  of  dec- 
lination and  horizontal  intensity.  Pier  8,  in  absolute 
house,  is  9.02  meters  east  of  Pier  7,  and  is  observatory 
station  for  absolute  determinations  of  inclination. 
B  is  33.04  meters  east  of  Pier  8  in  line  to  mark  No.  1 
extended;  marked  by  pier  erected  by  observatory 
authorities.  C  is  28.1  meters  east  of  B  m  line  to  mark 
No.  1  extended;  marked  by  pier  erected  by  observa- 
tory authorities. 

Brazil. 

Jaburu,  Bakia,  1913. — ^Three  stations,  designated  A,  B. 
and  C,  were  occupied  on  Itapanca  leuind  west  of 
Bahia  and  south  oi  small  pier  at  brick  works,  between 
shore  and  road.  A  is  on  beach  65.2  meters  south 
of  south  rail  of  narrow-gage  railway  running  from 
brick  works  to  pier,  4.6  meters  from  well-defined  shore 
line,  6.6  meters  from  nearest  of  three  coconut  trees 
to  northwest,  and  16.6  meters  east  of  wire  fence. 
True   bearings:   dome   of   prominent   cathedral   in 
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white  cornice  on  ruins,  30.43  meters  from  A,  5.0 
meters  from  shore  line,  14.1  meters  from  fence  on  west 
side  of  road;  marked  by  tarred  post,  4  feet  (1.2  meters) 


Jahuru,  Bahia,  1913— continued. 

kmg,  and  3  by  5  indies  (8  by  13  cm.)  on  top,  lettered 
"ai.W."  on  south,  and  "1913"  onn<»rth  side,  with  croM 
near  southwest  comer  of  top  to  mark  precise  position, 
and  set  so  as  to  nroject  about  6  indies  (15  cm.)  above 
surface.  True  bearings:  north  edge  of  round  tofwer 
on  hill  above  station.  82*  42!9;  diurdi  spire  north  of 
Babia,  247*  2414;  dome  of  prominent  cathadnd  in 
Bahia.  285*  30^8;  tip  on  San  Antonio  Lif^tlKnise^ 
306*  0311;  right-hand  tip  of  white  oomioe  on  nuns. 
353*2814.  Cis  in  line  with  sUtiona  A  and  B,  32.30 
meters  south  of  B,  4.6  meters  from  the  shore  line, 
4.85  meters  and  9.57  meters  from  coconut  trees  to 
northeast  and  southwest  respectively,  and  9.72  meters 
from  eveiijpreen  tree  to  soutlMast;  marked  by  peg  with 
cross  cut  m  top.  True  bearings:  tip  on  Sui  Antonio 
Lighthouse,  307*5511;  right-hand  Up  of  white  ecmiice 
on  rums,  353*  28'.4. 

Pemarrhueo,  Pemambueo,  1913.— The  United  States 
Coast  find  Geodetic  Surv^  statkxi  of  1907  was  found 
obUterated  by  euttinc  away  by  ooean  of  shore  of 
Isthmus  of  Ounda.  New  statkm  is  within  150  jraids 
(137  meters)  of  1907  station  and  about  midway 
between  cable  house  and  Port  Buraoo,  but  sUf^tly 
nearer  latter,  12  feet  (3.7  meters)  inland  from  ridge 
along  sea  side  of  isthmus;  mariced  by  3  large  wooden 
tripod  pegs.  True  bearings:  center  of  dome  of  Arse- 
nal Marinha,  6*  1916;  cross  on  old  monument  near 
cable  house,  16*  1118;  tallest  ydlow  smre  of  diurdi, 
25*  4812;  red  dome  of  Assembty  HiiL  36*  5017;  cfaim- 
ney  of  Beltrao  Sugar  Refinery,  158*  3615;  Pieio  light- 
house,.341*  1410. 

Pinheiro,  Para,  1910.— Three  statkms,  A,  B,  and  C»  were 
occupied  at  this  point.  The  stations  are  sita^ed  in 
the  town  of  Pinheiio  on  tiie  east  bank  of  the  Para 
River  and  about  10  miles  (16  kilometers)  ncnrth  of  the 
city  of  Para.  Station  A  is  the  same  as  the  Braailian 
station  of  1903.  It  is  on  thepoint  of  land  directly  in 
front  of  the  Sio  Sebastifo  Churdi  and  69.5  meters 
from  its  southwest  comer;  it  is  about  100  meters  in  the 
direction  northeast  from  end  of  government  wharf  and 
about  10  meters  from  edge  of  steep  river  embankment. 
This  station  is  marked  by  concrete  blocks  28  cm. 
square  by  44  cm.  thick  buift  up  to  a  height  of  76  cm. 
On  the  top  block  there  is  a  copper  plate  bearing  the 
date  of  the  BraxiUan  observations,  name  of  the 
observer,  latitude,  lon^tude,  and  magnetic  elements 
at  the  time  of  observation.  The  exact  point  is  at  the 
edge  of  copper  plate  directly  over  second  "R"  in  the 
word  "Dirbctoria";  this  point  is  8.9  cm.  from 
south  edge  of  block  and  11.8  cm.  from  east  edge. 
True  bearings:  large  bride  chimney  in  Para,  1*  36:2; 
outer  gable  end  of  shelter  house  on  mer  at  Pinheiro. 
42*  2019;  tip  of  spire  of  Sfto  Sebastifio  Church,  262^ 
5012.  Station  B  is  15.6  meters  from  station  A  in  the 
line  from  station  A  to  the  large  bride  chimney  in  Para. 
Station  C  is  15.85  meters  from  station  B  in  line  from 
station  B  to  laige  brick  chimn^  in  Para. 

Rio  de  Janeiro,  Federal  DiHrid,  1910. — ^Three  stations, 
A,  B,  and  C,  were  occupied  at  Freitas  Beadi.  They 
are  on  the  beach  about  250  meters  west  of  present 
terminus  of  the  Ipanema  car  line  from  Rio  de  Janeiro, 
on  ^;ras8-covered  sand  above  the  high-water  mark. 
Station  B,  the  main  station,  is  about  12  meters  from 
edge  of  grass  and  about  20  metors  from  ridge  of  a  small 
sand  hiQ  to  the  landward.  It  is  marked  by  a  wood 
post  3  by  4  by  36  inches  (8  by  10  by  91  cm.).  True 
bearings:  center  of  top  oi  pavilion  on  the  summit  of 
Corcovado,  166*4612;  landward  wirdesstdegranh  pole 
at  the  bottom,  279*  5218;  lighthouse  on  Rasa  Idand. 
326*0918.    StatkmAi8  23l6  nieten99*fi218westof 
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tUo  i$  Janeiro,  Federal  DietrieL  IQlO-^oontinued. 

true  aouth  from  Btatkm  B,  bong  in  line  of  station  B 
and  landward  wirdeas  telegraph  pole.  Station  C  ia 
1&3  meten  from  station  B  in  line  from  staticm  B  to 
landward  wireksB  td«graph  pole. 

Chujb. 

CeromL  Concepcion,  1912.— Two  stations,  designated  A 
and  B,  wen  occupied  in  vicinity  of  United  States 
Coast  and  Geodetic  Survey  station  of  1907.  A, 
Mpprozimatdy  same  as  1907,  is  on  sandy  plain  about 
tnree-fourths  mile  (1.2  kikHneters)  southeast  of  town, 
in  line  between  slaughter-bouse  and  chimney  of  soap 
laelory,  about  100  meters  west  of  sandy  rocui  lead- 
ing to  slaughter4iouse,  on  small  flat  knoU  about  1.5 
meters  high  and  entirely  baro  of  vegetation,  and  nearly 
in  projected  line  ^  second  street  east  of  soap  factory; 
mmed  by  fwg  sunk  bek>w  ground  with  empty  slass 
bottles  at  sioe.  True  beanngs:  chimney  at  Lota 
liriitliouse,  26*  68:7:  Puchoco  Lighthouse,  104* 
29T2;  diimney  at  soap  factoiy,  160*  01  ',2;  north  gable 
of  daughter-house,  334*  6812.  B  is  about  22  meters 
sooth  19*  west  from  A:  maiked  by  peg.  True  bear- 
mgs:  diimney  at  Lota  Lighthouse,  26*  00!0;  Puchoco 
Liriithouse,  114*  61 '9;  chimney  at  soi^;)  factory, 
161*  86C8;  north  gable  of  slaughter-house,  332*  OOU. 

ISLANDS,  ATLANTIC  OCEAN. 

Bkrmudas. 

f  Idand,  1910. — ^The  principal  Carnegie  Institution 
of  Washington  station.  A,  is  near  the  southwestern 
extremity  of  the  island,  about  160  feet  (46  meters) 
from  western  extremity  of  spur  extending  westerly 
toward  Two  Rock  Passage,  about  36  feet  (11  meters) 
from  the  south  diore  line  and  about  60  feet  (18 
meters)  from  north  shore  line.  The  spur  is  semurated 
from  main  part  of  iduid  by  a  shallow  cove.  Station 
maiked  bv  a  native  coml  stone  post  18  inches 
(46  cm.)  iODgf  projecting  about  6  mches  (16  cm.) 
above  genenut  surface;  the  prmecting  pcnrtion  is 
■qoared  to  10  by  10  inches  (26  by  26  cm.)  and 
eovered  with  a  very  thin  layer  of  cement,  in  which  the 
diagonals  are  marked,  the  intersection  of  the 
diagonab  defining  the  precise  point.  The  foUowing 
tme  bearings  were  determined :  Gibbs  Hill  Lighthouse. 
2r  6116;  ckKsk  (left)  tower  at  the  dockyard,  146^ 
40'9;  flagpole  at  Port's  Island  (naval  quarantine), 
43*  S2'3.  An  auxiliary  station,  B,  was  established  in 
1910,  106.3  feet  (32.4  meters)  almost  due  west  of  the 
principal  station  near  extremity  of  projecting  point 
of  roi^. 

Hmte  Idamd  or  Spedads  I$kmd,  1910.— Statk>n  is 
near  center  of  western  part  of  island,  in  a  low  circular 
opening  among  trees  where  the  soil  is  unusuaUv  deep; 
toere  are  trees  about  26  feet  (8  meters)  to  the  east 
and  a  dump  of  bushes  12  feet  (4  meters)  to  the  west. 
Two  large  cedar  trees  stand,  one  18  feet  (6.6  meters) 
to  thb  south,  and  the  other  22  feet  (6.7  meters) 
souUiwesteriy.  The  bare  rock  is  about  12  yards 
(11  meters)  to  the  north  through  bushes,  and  about 
twice  as  far  to  the  south.  The  shore  on  the  south  is 
very  flat,  so  that  distance  to  water  varies  greatly 
with  the  tide.  Marked  by  a  cedar  post  set  about 
20  inches  (60  cm.)  in  the  soQ  and  projecting  slightly 
above  mirface  wiih.  top  mariced  by  the  letters  C.I., 

*  made  by  driving  in  iMnMS  nails.  The  following  true 
bearings  were  determined:  dock  tower  at  dockyard, 
180*  34!6;  left  edge  of  tank  at  north  end  of  Boai 
Bridge,  169*  18^3;  vane  on  the  lighthouse,  361*  26'.6. 
An  auxflbrv  statkm,  B,  34.66  feet  (10.63  meters) 
■oath  of  prmcqwl  station,  in  exact  Ime  with  dock 
tower  al  dockyard,  was  also  oooiqiied  in  1910. 
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Pari  Skmley,  East  FaUdand  liland,  1913.— Three  sUtions, 
designated  A,  B,  and  C,  were  occupied.  A,  the 
"variation  station"  of  British  Admiralty,  is  on  top  of 
ridge  at  Navy  Point  in  saddle  between  two  dusters 
of  outcropping  rodcs;  marked  by  square  stone  pro- 
jecting about  1  foot  (30  cm.)  above  ground  and  havmg 
piece  of  marble  with  hole  at  center  and  word  "varia- 
tion" cut  in,  set  in  top.  True  bearings:  flagrtaff 
above  town,  41*  66^2:  B,  about  1.6  mues  (2  kik>- 
meters),  63*  09^3;  wirdess  mast,  302*  27^0.  B  is  on 
hillside  across  bay  from  ii,  southwest  of  governor's 
residence,  and  south  of  Quarters  of  naval  surgeon,  in 
slight  dq>res8ion  north  ot  dump  of  gorse  bushes,  21.2 
meters  south  of  wire  fence  inclosing  premises  of  naval 
surgeon.  Truebearings:  A,  243*  10' 6;  cathedral  spire, 
270^  48^6.  C  is  60.6  meters  true  south  182*  IVA 
west  of  B,  46.0  meters  north  of  east-west  fence. 

Iceland. 

Akranee,  1914. — On  Akranes  peninsula  9.7  nautical  miles 
(16  kilometers)  northward  across  bay  from  Reykjavik, 
in  an  open  grass  pbt  about  midway  between  cnureh 
and  shore  to  soxxtL  16.6  meters  north  of  st<Hie  fence. 
17.6  meters  west  of  nearest  comer  of  small  house,  ana 
13.4  meters  south  of  a  wire  fence;  marked  by  tack  in 
top  of  wooden  peg  driven  flush  with  ground.  True 
bearings:  church  steeple  bdow  ball,  169*  66 '2;  center 
chimney  last  house  across  bay,  294*  16 '9. 

QreUa^  1914. — ^In  small  levd  pasture  bdooffing  to  town 
pilot,  on  point  of  land  northwest  of  Reykjavik,  about 
3  miles  (4.8  kikHneters)  west-eouthwest  from  Reyk- 
javik station  A.  about  three-eidiths  mile  (0.6  kilo- 
meter) east-soutneast  of  Grotta  Lighthouse,  100  paces 
northwest  of  slaughter-house  and  dwelling,  76  paces 
east  of  galvanised-iron  shed,  and  22.4  meters  east  of 
cement  post  about  21  cm.  square  and  1.06  meters  high, 
standing  on  large  irregular  base  and  having  in  its  top 
a  rouno-headed  c(H>per  bolt  and  on  its  south  face  a 
crown  and  letters  "Q.  S."  en^ved;  marked  bv  tack 
in  top  of  oak  peg.  True bearmgs:  Ctrotta  Lighthouse, 
111*  38 !6;  I%kjavik  station  A,  263*  IT^chureh 
Bpm,  298*  41  ',2;  observatory  tower,  298*  44 '6. 

Kialamee,  1914. — On  Kialames  peninsula  across  bav  from 
Reykjavik,  very  nearly  in  line  from  Hofwik  Bay  to 
Engey  Island,  30  paces  west  of  bank  of  Hofwik  Fiord. 
60  paces  to  bank  m  line  with  a  group  of  very  ruffiea 
rocks  a  short  distance  out,  southward,  and  30  paces 
southeast  of  a  sod  farm  house;  marked  by  brass  tack 
in  wooden  peg  driven  flush  with  ground.  True  bear- 
ings: house  across  bay  eastward  toward  Essia  Moun- 
tam,  240*  0713;  observatory  tower,  Reykjavik,  16* 
18^2. 

Rtykjaeikf  1914. — ^Two  stations,  designated  A  and  B,  were 
occupied  on  an  open  grass  plot  on  Eng^  Island,  about 
2  miles  (3.2  kilometers)  across  harbor  northward  from 
Reykjavik.  A  is  about  100  yards  (91  meters)  north- 
west of  dwellinga  of  two  farmers  who  own  the  island, 
about  same  distance  from  north  end  of  island,  90.08 
meters  northwest  of  small  red  light  beacon  standing 
near  farm  dwellings,  and  32.61  meters  northeast  of  a 
point  in  line  between  small  red  li^t  beacon  near  farm 
dwellings  and  similar  beacon  at  north  end  of  island; 
mariLcd  by  small  cross  in  top  of  wooden  stake  driven 
flush  with  ground.  True  bearings:  observatcn^y  tower 
flaotaff,  6^  2711;  Catholic  Church  spii«,  26^  66:8: 
Vamusbakki  beacon,  6r  2011;  GrotU  Li^thouae,  78^ 
27^7;  red  li^t  near  north  end  of  islandril7*  40^8: 
church  spire  at  Akranes,  163*  06 '4;  nearest  comer  red 
and  white  house,  289*  61^9;  deft  in  mountain,  308* 
17^;  red  beacon  near  dwellings,  816*  60:3;  B  is 
38^  meten  wesi-southwest  from  A  on  asimuth  line 
to  QroiU  lightlioiiae;  maikad  by  smaO  cross  in  top  of 
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woodoi  fUke  drhren  flush  with  ground.  True  bear- 
11101:  obsenratory  tower  flasBtaff,  6*  05'6;  Catholic 
Church  wife,  25^14 !4:  Valhuabakki  beaooii,  hV  \Z\\\ 
QrotU  Lic^thouae,  78*^2717:  red  li^t  near  north  aid 
of  idand,  120*  40!5;  church  q>ire  at  Akranee,  153* 
10!3;  nearest  eomer  of  red  and  fHiite  house,  289* 
40n;  red  li^t  near  dwdlhin,  305*  50^9.  Three  auxil- 
iary statiooa,  designated  B,  C,  and  D,  were  also  occu- 
pieoL  B  is  52.45  meters  east^^outheast  frcMn  ii,  and 
m  range  between  A  and  comer  of  red  and  white  house; 
C  is  72.3  meters  from  A,  in  aaimuth  128*  17!1;  D  is 
104.8  meters  southwest  from  ii,  and  in  range  between 
A  and  Valhusbakki  beacon. 

Yidti^  Idandf  1914. — On  a  small  grassy  knoU,  at  most 
westerly  point  of  island,  12  paces  and  10  paces  from 
precqiitous  edge  of  island  to  north  and  east  respec- 
tiydy.  True  oearing:  stati<m  A  on  Engey  Island, 
85*i4!9. 

Madkiras. 

FumkaX,  1909. — ^The  main  station,  designated  ii,  is  near 
enter  of  parade  grounds  of  College  Barradn  and  as 
dose  as  ecNild  be  determined  to  station  of  Capt.  F.  A. 
Qunres,  1903  and  1906.  The  Cathedral  spire  is  in 
true  bearing  315*  16  !4.  The  secondary  station,  desig- 
nated C,  is  on  point  west  of  Fundial,  about  one-eighth 
mile  (0J2  kilometer)  east  of  new  fish  cannery,  on  a 
\BWfk  Uuif  about  60  feet  (18  meters)  above  water  and 
about  15  feet  (4.5  meters)  back  from  beach.  Sail  Rode 
is  in  true  bearing  277*  16 '3.  Auxiliary  stations  were 
established  at  both  of  these  points  and  showed  con- 
sidcraUe  local  disturbance;  B  was  40  feet  (12  meters) 
from  A,  and  D  was  42J^  feet  (13  meters)  from  C. 

St.  Hblbna. 

Lomgwood^  1913. — ^Four  stations^  designated  A,  B^  C,  and 
D,  were  occupied.  Blain  station^  A,  is  on  triangular 
kwn  west  ot  house  in  which  Napoleon  died,  ^.05 
meters  west-southwest  from  southwest  comer  of  north 
post  of  yard  gate,  34. 1  meters  northwest  of  west  comer 
of  masonry  suiqwrt  for  three  water  tanks,  and  13.1 
meters  due  north  of  point  in  line  with  flax  hedge; 
marked  by  cross  cut  in  top  of  spruce  poet  driven  flush 
with  groimd  and  covered  with  sod.  True  beamings: 
northeast  comer  of  house,  82*  13! 7;  flagpole  at  Hish 
Knoll  Fort,  102*  31  !5:  prominent  rock  on  Signal  HuL 
186*  32^7;  north  gable  of  stone  house  on  hill,  345"^ 
54 '1.  B  is  26.4  meters  west-southwest  from  A  on 
asimuth  line  to  ncMtheast  comer  of  house,  12.7  meters 
north  of  flax  hedge,  and  21.7  metars  southeast  of  iron 
tdephone  pole;  marked  bv  cross  cut  in  top  of  tent  peg 
driven  flush  with  ground.  True  bearings:  northeast 
comer  of  house,  82*  13!7;  flagpole  at  High  Knoll 
Fort,  102*  40!  1;  prominent  rock  on  Si^  Hill,  186* 
59^0;  north  gable  of  stone  house  on  luU,  345*  05!2. 
C  is  27.25  meters  west-southwest  from  B  on  azimuth 
line  to  northeast  comer  of  house,  27.9  meters  south- 
southwest  from  iron  tdephone  pole,  and  11.6  meters 
north  of  flax  hedge.  True  bearmgs:  northeast  comer 
of  house,  82*  13^7;  flagpole  at  Hi^  Knoll  Fort,  102* 
49!4;  prominent  rock  on  Signal  HuL  187*  26!3;  north 
gable  of  stone  house  on  hill,  344*  14 :3.  D  is  about  75 
yards  narih  of  old  magnetic  observatory  in  open  field, 
11  paces  north  of  fence  along  north  side  of  yard  in 
front  of  Mr.  Fred  M.  Deason^  house.    Tme  bearing: 


edge  of  stone  house,  one-half  mile  (0.8  kibmeter), 
167*  33:3. 

Wist  Inddbs. 

CyUbra  Jdand,  Scorpion  Point,  Porto  Rico,  1910.— 
Practically  identical  with  that  of  the  U.  S.  Coast  and 
Geodetic  Survey  of  1903  and  1904,  on  line  between 
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CyUbra  Idamd,  SearffUm  PomL  Porto  JKso^  1910— «oa. 
the  hydrograiwie  signal  "Seorp  2"  ud  the 
btion  sUtion  "Soldado,"  7.9  meters  from  "Soorp 
8.6  meters  from  edp  of  bhiff  that  stands  at  this 
place,  the  latter  distance  being  measured  in  the 
direction  of  the  "Soldado"  Mmguktion  station. 
The  asimuth  of  the  "Soldado"  trianpilstinn  statioo 
as  supplied  by  the  U.  S.  Coast  and  Geodetic  Surrey 
is  314^4615. 

Viequu,  Porto  Rico,  1910. — Observations  were  made  in 
the  new  absc^ute  house  of  the  observatory  on  the 
regular  ma^etometer  pier  and  ih»  regular  earth- 
inductor  pier,  these  two  piers  being  designated  as 
New  Ah$olute  Oboerwaiorp.  Stations  1  and  S  are 
in  Ime  with  tiie  asimuth  pier  of  the  observatory  and  the 
ri{dit4iand  ed^  of  Caballo  Bkmco  Reef,  which  is  Z£ 
kuometcrs  distant.  Station  1  is  24.2  meters  to 
the  seaward  of  the  asimuth  pier.  Statioii  2  is  26.4 
meters  to  the  landward  of  tne  asimuth  pier.  The 
tower  of  the  li^thouse  at  Point  Mulas  is  in  true  bear- 
ing from  magnetometer  pier  199*  20'0;  from  station 
f ,  200*  23a;  and  from  station  9, 198*  12!5. 

ISLANDS,  INDIAN  OCEAN. 

CSTLOK. 

Colombo,  1911. — ^Three  stations,  designated  A,  B,  and  C, 
were  occupied  in  western  part  ofgrounds  of  Colombo 
OhBervKtary.  A  is  108  feet  (32.9  meters)  from  south- 
west fence,  164  feet  (50.0  meters)  southwest  of  south- 
west corner  of  office  building,  80.62  feet  (24.57  meten) 
west  of  thermometer  shdter,  and  69.8  feet  (21.28 
meters)  northeast  of  large  tree:  marked  by  cement 
bk)dc  3  feet  (0.9  meter)  long  and  5  indies  (12.7  cm.) 
square  at  top,  lettered  on  U^  "CI.W.  1911."  True 
bearings:  northwest  comer  of  hmatic  asyhmi.  55* 
40'6;  small  white  upright  over  east  cable  of  "Graa- 
mere,"  the  Surveyor-General's  bungalow,  177*  25!8, 
southeast  comer  of  office,  235*  30!3.  B  is  217.67 
feet  (66.35  meters)  north  of  A,  on  asimuth  line  to 
"Grasmere."  C  is  84.62  feet  (25.79  meters)  north 
of  A,  on  asimuth  line  to  "Graamere." 

Colombo,  Cinnamon  Gardens,  1911. — In  vacant  lot  owned 
by  Mr.  S.  M.  Fernando,  on  north  side  of  Bogatdle 
Road,  Cinnamon  Gardens,  opposite  La  Comiche 
Bungalow,  102.4  feet  (31^1  meters)  north  of  wire 
fence  along  road,  124  feet  (37.8  meters)  east  of  stone 
wall  on  west  side  of  lot,  and  19.2  feet  (5.85  meters) 
northwest  and  northeast  respectivdy  from  two  palm 

viCGs. 

Java. 

Wellevreden  (Batavia),  1911. — ^Two  stations,  designated  A 
and  B,  were  occupied  in  grounds  of  Royal  Magnetic 
and  Meteorological  Observatory.  A  is  13.35  meters 
southwest  of  southwest  comer  of  foundation  of  abeo- 
lute  house,  22.6  meters  northwest  of  east  end  of  bride 
wall  at  rear  of  grounds.  True  bearing:  asimuth  mark 
of  observatory,  line  on  concrete  pillar  near  west  side  of 
main  entrance,  178*  14 '  1.  B  is  on  asimuth  line  from 
A  to  mark,  14.87  meters  north  of  A.  and  11.30  meters 
west  of  southwest  comer  of  foundation  of  abscdute 
house.  For  intercomparisons  with  observaUwy  stand- 
ards, observations  were  made  on  {Mera  in  aboohite 
house  of  observator]^,  declination  being  observed  on 
declination  pier,  horisontal  intensity  on  piers  A  and 
C,  and  inclination  with  earth  inductor  on  earth-induo- 
tor  pier. 

BlAURimrs. 

PampUmousus,  1911. — ^Four  stations,  designated  A,  B. 
C.  and  D,  were  occupied  in  grounds  of  Royal  Anrea 
observatory.    A  is  central  pier  of  absolute  house. 
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BlAUBmua— «oiieliMM. 

Pom^ewiau$$e$f  1911— eontinued. 

True  beMrmg:  obsenratoiy  anmuth  mark,  0*  0113. 
B  18  6.41  metera  aouth  of  A,  in  line  to  asimuUi  mark. 
C 18  42.38  meters  aouth  of  B,  in  line  from  A  to  aaimuth 
mark.  D  ia  dip  pier  of  obeervatory,  1.53  meters  west 
ofA. 

ISLANDS,  PACIFIC  OCEAN. 

Fui  Ibuoids. 

Swn  Fou.  ViH  Umt,  Inland,  1912.— Two  sUtions,  desig- 
nated A  and  B,  were  occupied.  A  is  reoooiqMticm  of 
C.LW.  station  of  1906,  and  H.M.S.  Waierwiieh  sta- 
tion of  1896;  on  north  side  of  bay.  about  2  miles  (3 
kikHneters)  from  Suva,  on  point  oi  land  near  misskm- 
ary  statkm  of  Seventh-Day  Adyentists:  marked  by 
oonerete  post  projeeting  18  inches  (45.7  cmO  out  m 
ground,  £ad  having  an  arrow  and  year  1890  cut  on 
east  face.  True  bearings:  outer  li^thouse,  31*  OOfO; 
lower  lighthouse,  129*  54'5;  flagstaff  on  govemcMr's 
hous^  MT  3611;  boathouse,  348*  35(9.  B  is  on 
same  bluff,  2  meters  from  east  edge  of  diff,  32.4  meters 
north-northeast  of  A.  True  bearings:  outer  Ikht- 
house,  31*  11  fO;  flagstaff  on  governor's  house,  343* 
0014;  boathouse,  34^01(3. 

Phujppinb  Islands. 

AnHpolo,  1912.— Three  statkms.  designated  A,  B,  and  C, 
were  occupied  at  Antipolo  Observatory.  A  is  pier  in 
absolute  house.  True  bearing:  marie  on  large  man^ 
tree,  359*  58'8.  B  is  on  broad  walk  in  front  of  varia- 
tion observatorr,  25.8  meters  from  middle  of  lower 
front  step  of  observatory.  True  bearings:  absolute 
obswvatory  mark,  5*  47:8;  windmill  top,  135*  1812; 
southeast  comer  of  variation  observatory.  188*  08^2: 
staffof  vane  on  wind-tower,  277*  07 '2.  Cisonbroaa 
walk  in  front  of  variation  building,  in  line  with  B  and 
mark  on  small  bungalow  at  rear  of  hotel,  26.7  meters 
south  of  B,  59.9  meters  from  point  4  feet  above  ground 
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PHiLirnifB  Islands— eofieluded. 

AnHpolo,  1912 — continued. 

on  mango  tree  on  which  is  placed  declination  mark  for 
absolute  house.  True  bearings:  center  of  windmill 
top,  143*  07 '9;  southeast  comer  of  variation  observa- 
tory, 183*  16:8;  staff  of  vane  on  wind-tower,  263*  06: 7. 

SociBTT  Islands. 

PapeeU,  TakiH  iMland,  1912.— In  eastem  comer  of  tract  of 
government  land  immediately  south  of  Botanical 
Garden,  about  106  meters  south-southeast  of  gar- 
dener's hous&  47.3  meters  northeast  of  northeast 
comerstone  of  windmill  pump,  8.8  meters  southeast 
and  12.7  meters  southwest  req>ectivel]r  from  two 
coconut  trees,  15.2  meters  north  of  tropical  diestnut 
tree,  and  approximately  15  and  41  meters  respectively 
from  west  and  north  fences  of  tract.  Tme  bearincs: 
windmill  vane,  29*  46^1;  comer  of  house  of  chief 
justice,  107*  14:2;  east  edge  of  gardener's  house,  158* 

Small  Coral  lOand  (PapeeU  Harbor),  TahUi  Jdand,  1912.— 
Two  stations,  designated  A  and  B,  were  occupied  on 
small  coral  island  about  one-half  kilometer  west  of 
white  obelisk  on  Soactoi  reef  south  of  entrance  to 
Papeete  Harbor  and  not  far  from  station  of  Oalilee 
party  in  1907,  which,  owing  to  changes  in  topog- 
n^hy  on  account  of  storms  and  the  buiiding  of  small 
hospital  and  wharf,  could  not  be  recovered.  A  is  on 
north  extremity  of  island.  Tme  bearings:  ncHrtbwest 
comer  of  hospital,  4*  0019;  channel  gun,  240*  04^0; 
cathedral  spire,  26r  40^4;  north  obelisk,  276*  13a 
upper  range-light,  295*  57^7^  south  obdisk,  316* 
51:6;  northeast  comer  of  hospital,  49.6  meters,  345* 
4619.  B  is  on  south  extremity  of  island,  about  88 
meters  south  of  A.  TWe  beaiings:  mountain  peak 
on  northeast  end  of  Moorea  Island,  100*  14'2;  north- 
west comer  of  hoq>ital  36.3  meters,  189*  56'8;  south- 
west comer  of  homtaL  227*  52^0;  upper 
292*  03^2;  south  oMisk,  310*  26^9. 


EXTRACTS  FROM  DIRECTOR'S  INSTRUCTIONS  FOR  CRUISES  AND 

OBSERVATIONAL  WORK  ON  THE  CARNEGIE 

The  following  extracts  from  the  Director's  instructions  to  those  in  command  of  the 
Carnegie,  from  time  to  time,  will  serve  to  explain  the  routes  prescribed  for  the  vessel  and 
the  methods  of  observation  adopted  for  the  various  kinds  of  work.  They  will  aid  in 
showing  how  the  observations  were  made  at  successive  stages  of  the  work,  and  how  the 
methods  and  instrumental  appliances  were  developed  and  modified  as  experience  suggested. 
It  will  be  noticed  that,  although  the  Carnegie  is  a  strictly  non-magnetic  vessel,  nevertheless 
the  instructions  called  for  occasional  swings  of  the  vessel  in  order  to  make  desired  tests, 
both  as  to  the  absence  of  ship  deviations  and  of  '' instrumental  deviations''  (see  p.  18). 
From  the  discussion  on  page  436  it  will  be  seen  that  the  observations  made  on  these  swings 
served  a  useful  purpose,  and  gave  the  means  of  judging  as  to  the  accuracy  of  determination 
of  magnetic  elements  aboard  the  Carnegie  imder  harbor  conditions. 

CRUISE  I  OF  THE  CARNEGIE*  1909-1910. 

From  Route  Instructions  of  July  14,  1909,  to  W.  J.  Pbtbrs  at  Brooklyn. 

1.  Leaving  Brooklyn  as  soon  as  feasible,  and  after  the  trial  observatioDS  and  swings  at  Gardiners 
Bay  have  been  completed,  a  course  will  be  shaped  for  St.  John's,  Newfoundland,  crossing  the  60th 
meridian  in  about  latitude  41^  to  42^. 

2.  Si.  John*8,  N.  F, — ^The  C.  I.  W.  (Carnegie  Institution  of  Washington)  magnetic  station  of 
1906  is  to  be  reoccupied  and  such  additional  shore  observations  are  to  be  made  as  may  be  found 
necessary.    ♦    ♦    ♦ 

3.  After  the  completion  of  the  work  at  St.  John's,  the  vessel  will  foUow  a  course  to  Falmouth, 
England,  as  nearly  direct  as  possible,  crossing  the  thirtieth  meridian  id  about  latitude  51^  Such 
shore  observations  as  may  be  required  will  be  made,  and  the  vessel  will  be  swung  in  Falmouth 
Harbor. 

4.  Leaving  Falmouth  early  in  November,  the  sailing  route  will  be  followed  to  Madeira,  and, 
after  making  there  the  requisite  shore  observations,  proceed  next  to  New  York  via  Bermuda,  inter- 
secting the  fortieth  meridian  in  about  latitude  22^  north.    *    *    * 

5.  Bermudas. — ^These  islands  are  greatly  disturbed  magnetically  and  every  care  must  be  taken  in 
the  proper  selection  of  stations  for  shore  work. 

6.  New  York. — Return  should  be  made  not  later  than  about  February  1,  1910.  After  the 
completion  of  whatever  work  may  be  necessary,  the  vessel  will  be  turned  over  to  the  Tebo  Yacht 
Basin  Company  for  the  copper  sheathing  of  the  bottom.    *    *    * 

From  Instructions  for  Scientific  Work  on  Cruise  I. 

1.  Observe  the  three  magnetic  elements  daily  imless  conditions  prevent. 

2.  Declination. — Corresponding  observations  with  the  two  compasses  (CI  and  D3)  are  to  be 
made,  whenever  possible,  and  the  causes  of  differences  investigated. 

3.  Observations  with  sea  dip^irde. — ^Loaded  dip  will  be  required  only  every  third  day,  and  in 
between  the  total-intensity  work  will  be  confined  to  deflection  observations.  In  deflection  work, 
for  short  distance,  read  extremes  of  arc;  for  long  distance,  set  microscope-thread  on  middle  of  arc 
by  method  of  repeated  bisection.  When  combining  dips,  give  results  from  regular  dip  needles  9 
and  10  each  double  weight,  and  deflected  dips,  each  distance,  single  weight,  or  what  amounts  to  the 
same  thing,  treat  the  mean  result  from  short  and  long  distances  as  equivalent  to  a  result  with  needle 
9  or  10.  The  possibility  of  level  error  in  dip  observations  requires  attention.  In  addition  to  setting 
the  foot-screws  according  to  the  foot-screw  readings,  the  matter  of  whole  turns  should  be  controlled 
also  for  every  mounting  of  the  instnunent.  To  facilitate  this,  brass  gages  should  be  made,  or  some 
other  device  be  used.  It  is  essential  that  the  level  position  of  the  dip  circle  be  controlled  each  time, 
and  an  entry  be  made  on  the  dip  sheets  that  this  was  done  before  the  observations  were  made. 
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4.  ObBervatiom  with  ua  de^Esetor.— Continue  previous  method,  vis,  read  each  position  twice  in 
sucoesBion  and  take  simultaneous  readings  of  course  by  Kelvin  compass.  Every  care  must  be  taken 
of  the  magnets ;  they  must  not  be  handled  any  more  than  necessary.  For  magnet  45,  read  vernier  A , 
and  for  magnet  2L,  vernier  B. 

6.  Shore  cbservaHona  with  sea  defledor. — ^Always  begin  and  end  observations  by  reading  on  mark. 
Next  read  compass  card  before  mounting  deflecting  magnet,  and  again,  afterwards,  for  each  magnet. 
(These  observations  will  furnish  declinations,  both  from  the  undeflected  and  deflected  positions  of  the 
card.) 

6.  An  abstract  of  the  ship's  log  for  a  passage,  together  with  the  monthly  journal,  will  be  trans- 
mitted pnnnptly  to  the  Office. 

7.  To  control  effectively  the  ship  work,  the  computations  are  to  be  kept  up  to  date  as  heretofore 
and  an  abstract  is  to  be  made.  Whenever  discrepancies  in  the  results,  derived  from  the  various 
instruments  and  methods,  appear,  every  effort  should  be  made  by  the  observers  to  determine  the 
cause,  and  to  repeat  the  observations  at  the  earliest  moment. 

8.  AtmaspheriC'eledric  dbeervatUme. — ^The  observer,  in  addition  to  the  magnetic  work,  will  under- 
take whatever  is  feasible,  and  will  conduct  desired  experiments,  as  directed,  for  supplementing  the 
present  information  as  to  what  is  necessary  to  make  this  work  successful. 

9.  Meteorological  observations. — ^These  observations  are  to  be  made  in  cooperation  with  the  United 
States  Weather  Bureau  and  in  the  same  manner  followed  on  the  cruises  of  the  OalUee.  They  will 
be  recorded  on  the  forms  supplied  by  the  Bureau. 

CRUISE  II  OF  THE  CARNEGIE.  1910-1913. 
From  Routb  Instbucitons  of  Junx  4,  1910,  to  W.  J.  Pvtubs  at  Bbooxltn. 


1.  The  Carnegie  will  sail  from  Brooklyn  on  her  next  cruise  (No.  U)  not  later  than  the  20th 
instant.    You  will  please  make  all  arrangements  accordingly. 

2.  You  will  find  inclosed  two  copies  of  the  Schedule  of  the  Cruise,  acccnnpanied  by  a  blue  print, 
showing  the  various  courses  and  ports.  Please  note  that  the  aim  is  to  fill  in  the  regions  where 
magnetic  data  are  especially  needed.    *    *    * 

[The  ports  of  call  on  this  circumnavigation  cruise,  as  finally  settled  upon,  were:  Brocddjrn, 
Greenport  (Gardiners  Bay),  Vieques  (Porto  Rico),  Para,  Rio  de  Janeiro,  Montevideo,  Buenos  Aires, 
C^>e  Town,  Colombo  (Ceylon),  Port  Louis  (Mauritius),  Colombo,  Batavia,  Manila,  Suva  (Fiji), 
Tapeeie  (Tahiti),  Coronel  (Chile),  Port  Stanly  (Falkland  Is.),  Jamestown  (St  Helena),  Bahia, 
Jamestown,  Fahnouth,  Greenport,  and  Brooklyn.  The  cruise  was  arranged  with  the  view  of 
encountering,  on  the  various  passages,  the  most  favorable  conditions  possible,  as  to  sea  and  weather, 
and  having  ihe  best  trigonometric  conditions  for  the  astronomical  work.  Consideration  was  also 
paid  to  the  desirability  of  securing  intersections  with  the  previous  tracks  of  the  Oalilee,  the  Carnegie, 
the  Gauss,  and  the  Discovery.  The  Carnegie  sailed  from  Brooklyn  June  20,  1910,  and  returned  on 
December  19, 1913.    For  synopsis  of  cruise,  see  pages  105-170;  also  abstract  of  log,  pages  333-347.] 

iNSTBUCnONB  OF  JuNS  11,  1910,  FOB  SciBNllFIC  WOBX  ON  CbTJISS  II. 

A.  Magnetic  Observations  on  Swings. 

1 .  En  route  to  "deques,  Porto  Rico,  magnetic  observations  on  swings  are  to  be  made  in  Gardiners 
Bay  at  same  place  as  in  1909  (lat.  41^  06'  N. ;  long.  72^  13'  W.).  It  will  suffice  to  secure  for  each  ele- 
ment one  complete  swing  with  each  hehn,  provided  all  necessaiy  precautions  are  taken  beforehand 
regarding  absence  of  magnetic  articles  dose  enough  to  affect  the  results,  and  with  respect  to  satis- 
factory condition  of  instruments .  The  swings  for  the  various  elements  may  be  arranged  by  the  Com- 
mander to  suit  the  conditions;  8  equidistant  headings  will  be  taken. 

2.  Declinations  will  be  obtained  with  both  instruments  (CI  and  D3),  especial  care  being  taken 
with  respect  to  level  of  D3. 

3.  Indinations. — ^First  hehn:  absolute  dips  with  D.  C.  189  (needle  10),  observations  aa  each 
heading  being  of  same  extent  as  for  course,  including  reversal  of  polarity  of  needle;  other  hefan: 
deflected  dips  will  be  obtained  from  the  deflection  observations  under  4.  (See  |»eoautions  as  to 
level  of  instrument  under  D3.) 
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4.  Total  ifUensUiea.— On  second  swing,  called  for  in  Z,  make  deflection  obaenrations  with  D.  C. 
189,  needles  7  and  8,  using  both  distances,  and  with  face  of  needle  7,  D  and  R  on  etjih  heading. 

5.  Harizantdl  irUeMiHes  with  aea  deflector  S. — ¥int  hehn:  use  magnet  45,  and  aa  the  other,  2L, 
at  distances  1  and  3  on  each  heading,  obtaining  as  many  sets  as  possible.  (Special  care  should  be 
taken  to  see  that  the  instrument  is  in  best  condition,  and  that  deflecting  magnets  are  properly  placed 
in  position.  Sufficient  time  must  be  allowed  on  each  heading  for  the  compass  card  to  settle  down, 
and  precautions  taken  to  set  up  as  Uttle  motion  as  possible  in  the  liquid.) 

6.  The  Commander  is  at  liberty  to  repeat  any  of  the  prescribed  observations  found  necessary. 

7.  For  the  present,  other  places  of  swings  will  not  be  designated.  Should  a  port  be  found, 
however,  in  the  Southern  Hemisphere,  where  conditions  are  suitable,  it  would  be  desirable  to  swing 
vessel  once  more  towards  the  end  of  the  present  year,  or  possibly  at  C^>e  Town.  *  ^  *  [phe 
vessel  was  actually  swung  in  Gardiners  Bay  (Aug.  31-Sept.  2, 1909;  Dec.  15, 16, 1913),  at  Rio  de 
Janeiro  (Dec.  23, 24, 1910),  at  Fahnouth  (Oct.  4, 1913),  and  8  times  at  sea.] 

B.  Magnetic  Observations  on  Courw. 

1.  The  attempt  will  be  made  to  secure  some  magnetic  data  daily — ^the  three  elements,  whenever 
conditions  permit.  The  method  of  observing  each  element  in  duplicate,  simultaneously  with 
different  instruments  and  observers,  is  again  to  be  followed  as  rigidly  as  possible.  Observers  are 
again  to  alternate  in  observing  any  particular  element.  It  is  desirable,  whenever  conditions  permit, 
to  obtain  the  three  elements,  as  nearly  as  possible,  for  the  same  geographic  position,  but  it  is  realised 
that  this  is  not  so  readily  accomplished  as  far  as  the  declinations  are  concerned,  since  for  this  element 
the  time  of  observing  can  not  be  arbitrarily  chosen.  The  dips  and  intensities  should  be  observed,  as 
far  as  practicable,  between  2  and  5  p.m.,  local  mean  time — in  general,  between  3  and  4  o'clodc; 
the  diurnal-variation  corrections  at  these  times  will  usually  be  negligible. 

2.  Declinations  vrith  CI  and  DS. — Observations  with  the  latter  instrument,  if  made  with  care, 
will  afford  a  check  upon  the  former. 

3.  Inclinations. — ^The  observations  will  consist  of  absolute  dips  with  needles  9  and  10,  D.  C. 
189  and  deflected  dips,  needles  7  and  8,  using  two  distances  whenever  possible.  In  the  computation, 
double  weight  will  be  given,  in  general,  to  each  direct  dip,  and  single  weight  to  each  deflected  dip  or 
double  weight  to  the  mean  of  two  deflected  dips.  Level  of  instrument  on  the  gimbal  stand  has  been 
found  to  be  a  very  important  matter;  the  whole  error  of  level  may  enter  into  the  dip,  and  it  is  not 
eliminated  by  the  method  of  observation,  nor  by  taking  the  mean  of  several  needles.  Every  oppor- 
tunity will  be  taken  to  control  this  source  of  error,  and  the  necessary  precautions  will  be  observed 
r^arding  heights  of  footnscrews,  etc.,  as  prescribed  on  the  previous  cruise.  [Beginning  at  Tahiti  in 
1912,  a  reversible  gimbal-stand  was  used;  see  pages  196-197,  and  PI.  14,  Fig.  5.] 

4.  Total  intensities. — ^Always  make  deflection  observations  with  D.  C.  189,  needles  7  and  8, 
using  two  distances  whenever  possible.  When  short  distance  becomes  imavailable,  then  observe 
loaded  dips,  needle  8  (weight  11)  two  sets,  next  deflections  long  distance,  face  of  needle  7,  D  and  A, 
and  close  with  two  sets  loaded  dips. 

5.  Horizontal  intensities. — ^These  observations  will  be  made  with  the  sea  deflector  suppUed, 
using  both  magnets  and  both  distances,  observing  precautions  noted  under  A  5;  as  many  sets  will  be 
obtained  as  possible  dining  the  dip  and  intensity  observations  in  forward  observatory.  Distances 
1  and  3  wiU  be  used  until  otherwise  instructed.  Recorder  will  take  simultaneous  readings  of  ship's 
head  with  Kelvin  compass. 

6.  General  remarks. — Observers  should  use  every  reasonable  endeavor  to  guard  against  instru- 
mental changes  and  should  try  to  ascertain  causes  of  errors  immediately  upon  discovery.  They 
must  be  careful  regarding  presence  of  articles  on  their  persons,  or  on  others  close  by,  likely  to  affect 
the  observations.  Whenever  the  instructions  do  not  exactly  fit  the  conditions  to  be  met,  the  Com- 
mander, in  accordance  with  his  previous  experience,  will  make  the  necessary  modifications  and 
amplifications.  The  Conmiander  will  also  see  to  it  that  every  care  is  taken  as  to  holding  of  course 
during  observations.  In  order  to  secure  effective  control  of  the  work,  he,  at  least  once  a  week,  will 
make  a  complete  set  of  observations  with  each  instrument;  these  need  not  be  additional  observations, 
but  a  part  of  the  regular  scheme  of  observation;  in  connection  with  these  observations  a  general 
report  will  be  made  of  the  condition  of  instrument.  To  guard  against  systematic  errors  as  far  as 
possible,  he  will  exercise  a  similar  control  on  all  computations. 
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D.  C.  189  ^>peai8  to  be  an  ezoeptionally  good  instrument  and  should  therefore  have  every  care 
bestowed  upon  it  to  guard  against  accident.  No.  203  is  only  to  be  used  in  case  of  emergency,  but 
obeervations  will  be  made  with  it  regularly  on  land. 

C.  Share  Magnetic  Obaervalians. 

1.  Until  otherwise  advised,  the  same  directions  apply  in  general  as  heretofore,  subject  to  such 
modifications  as  the  Conmiander  finds  necessary  according  to  circumstances.  It  will  be  desirable 
in  the  determination  of  the  constants  for  the  ship  instruments  to  make  the  observations  either 
simultaneously  with  the  land  instruments,  or  at  such  time  of  day  when  the  diurnal-variation  cor- 
rections are  small,  or  variable  in  sign.  Descriptions  of  certain  stations  to  be  occupied  are  furnished, 
but  the  Commander  is  at  liberty  to  add  additional  ones  as  he  may  find  necessary  and  possible. 

D.  Computations  of  Magnetic  Obeervaliane. 

1.  Until  otherwise  instructed,  the  computations  on  the  present  cruise  will  be  made  with  the  same 
ocmstants  throughout  as  aheady  supplied.  In  other  words,  the  constants  are  not  to  be  changed 
with  every  new  determination;  so  also  in  the  land  observations  for  determination  of  new  constants,  the 
computations  will  be  made  with  the  old  constants  and  the  corrections,  instead,  determined.  These 
corrections  will  be  distributed  along  the  cruise  and  will  be  applied  on  the  abstract  of  results.  There 
will  thus  be  avoided  frequent  changes  in  the  computations  on  the  observation  sheets.  These  compu- 
tations when  revised  will  remain  unchanged  thereafter  unless  some  error  is  discovered  in  computation. 
This  new  method  applies  to  all  the  magnetic  elements.  The  logarithmic  work  will  in  general  be 
carried  to  four  places. 

E.  AtmoepheriO'Eleebric  Observaticne. 

1.  Such  obeervations  are  to  be  made  as  time  of  observer  will  permit.  They  will,  in  general, 
be  of  the  same  character  as  on  the  previous  cruise,  with  such  modifications  and  additions  as  the 
obeerver  in  consultation  with  the  Commander  finds  desirable. 

F.  AtmoapheriC'R^raction  Obeervations. 

1.  These  obeervations  will  be  continued  and  amplified  as  may  be  found  possible;  the  precise 
directions  are  left  to  the  Ccmmiander. 

G.  Meteorological  Obeervaticne. 

1.  Theee  obeervations  will  be  the  same  as  on  previous  cruise,  with  such  extensions  as  the  Com- 
mander finds  possible. 

H.  Aetronomical  Obeervations, 

1.  Astroncxnical  observations  will  be  made  as  on  previous  cruise  in  duplicate  or  triplicate,  as  the 
Commander  directs,  and  as  often  as  may  be  necessaiy  for  effective  control  of  geographic  positions. 

I.  Other  Observatione. 

1.  The  Commander  will  be  allowed  to  include  such  additional  scientific  work  as  he  finds  possible 
on  board  the  Carnegie.  His  attention  is  called  to  the  need  of  additional  observations  on  ocean 
currents. 

Inetruetione  of  August  £8, 1910,  for  Swing  Magnetic  Observations  StAsequent  to  those  at  Gardiners  Bay. 

1.  It  will  in  general  suffice  to  secure  for  each  element  one  complete  swing  with  each  helm, 
provided  all  necessary  precautions  are  taken  beforehand  regarding  absence  of  magnetic  articles 
sufficiently  dose  to  affect  the  results,  with  respect  to  satisfactory  condition  of  instrument,  etc. 
The  swings  for  the  various  elements  may  be  arranged  by  the  Commander  to  suit  the  conditions; 
8  equidistant  points  will  be  taken.  The  Commander  is  ali90  at  liberty  to  rq[>eat  any  of  the  obeerva- 
tjons  or  swings  as  he  may  find  necessary,  without  unduly  prolonging  stay  in  port    Places  of  swing 

not  be  desieoated,  but  will  be  left  to  the  judgment  of  the  Conmiander  with  the  remark  that  it 
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will  suffice  for  the  portion  of  the  cruise  to  Cape  Town  to  make  swings  at  the  most  southeity  port 
and  at  one  intermediate  between  Gardiners  Bay  and  the  southerly  port  selected.  In  the  absence 
of  further  instructions,  the  same  considerations  I4)ply  to  future  porticms. 

2.  Declinations  will  be  obtained  on  each  heading,  both  with  CI  and  D3,  especial  care  bdng 
taken  with  respect  to  level  of  latter.  A  swing  with  both  helms  is  required  sq>arate  from  that  for  the 
other  elements. 

3.  Indinationa. — One  hehn,  absolute  dips  D.  C.  189,  needle  10  (or  No.  9  in  case  it  should  prove 
more  satisfactory),  readings  on  each  heading  being  of  same  extent  as  for  course  obeervations,  inr 
elusive  of  reversal  of  polarity  of  needle;  other  helm,  deflected  dips  will  be  obtained  in  connection 
with  deflections  under  4.  The  same  precautions  regarding  level  of  instrument  apply  as  in  course 
observations. 

4.  Total  intensiHes. — One  helm,  making  only  deflection  observations,  D.  C.  189,  needles  7  and  8, 
using  long  distance  only  but  having  face  of  needle  7,  D  and  R,  each  heading.  (If  swing  is  repeated, 
and  short  distance  is  available,  then  use  it  for  deflected  dip  and  total  intensity,  and  on  swing  with 
other  helm,  use  the  regular  dip  needle,  e.g.,  No.  9,  not  employed  on  first  swing.) 

5.  Horizontal  inUnsiHee. — ^Both  helms,  sea  deflector  3,  using  on  one  swing  magnet  45,  distance 
3,  and  on  the  other,  2L,  distance  1,  on  each  heading.  At  least  two  minutes  will  be  aUowed  for  the 
deflected  card  to  come  to  rest,  and  invariably  the  usual  four  positions  will  be  taken  on  each  heading, 
making  from  3  to  5  readings  of  card  on  each  position,  according  to  circumstances.  The  aim  should 
be  not  to  extend  the  set  beyond  12  minutes,  if  possible.  Precautions  must  be  taken  to  assure  satia- 
f  actory  condition  of  instrument  and  maintenance  of  deflection  distances.  (If  swing  be  repeated,  use 
magnet  45,  distance  1,  one  hehn,  and  magnet  2L,  distance  3,  other  hehn.) 

DiBBcnoNs  OF  August  30,  1910,  fob  Shobx  Magnbtic  Wobk.^ 

A.  Use  the  earth  inductor  at  all  primary  shore  stations  ("primary"  in  the  sense  of  staticms 
where  instrumental  constants  are  determined),  rather  than  at  only  a  part  of  them.  As  there  are 
available  for  observational  work  but  3  observers,  it  is  desirable  to  establish  for  the  purpose  of  ocmstant- 
determinations  not  more  than  3  stations  at  the  primary  ports:  A,  B,  and  C.  The  3  stations  should 
be  chosen  so  that  2  of  them  will  be  on  lines  of  known  asimuth  from  one  of  them  (in  cases  where 
good  marks  are  not  available,  use  might  be  made  of  temporary  ones,  set,  however,  at  least  500  feet 
distant  from  closest  station  and  suitably  marked  to  prevent  displacement  or  loss  during  the  period 
of  work).  Designating  the  successive  days  of  observation  as  1,  2,  3,  4,  and  so  on,  dropping  out 
Sundays  and  holidays,  the  following  program  will  suffice: 

1.  Location  of  station  site.  Local-disturbance  tests  by  means  of  dip-circle  compass  201| 
taking  magnetic  bearings  of  the  same  line  at  various  points  over  site.  Selection  of  station  A, 
and  marks.  Azimuth  and  latitude  work  at  A;  measurements  of  horizontal  angles.  Selection 
of  stations  B  and  C    Descriptions  of  stations.    Setting  up  of  tents. 

2.  Magnetometer  4  at  A,  2  at  C  (3  complete  sets  with  each  magnetometer,  a  set  con- 
sisting of  D,  H,  H,  D,  with  deflections  at  2  distances) ;  sea  deflector  at  B. 

3.  Magnetometer  2  at  A,  4  at  C  (3  complete  sets  with  each  magnetometer);  sea  deflector 
atB. 

4.  Magnetometer  2  at  A,  4  at  B  (3  complete  sets  with  each  magnetometer);  marine  colli- 
mating-compass  at  C. 

5.  Earth  inductor  at  A;  dip  circle  201  at  B  (4  determinations  of  I  with  each  of  needles  1 
and  2,  or  with  any  other  pair  selected  and  simultaneous  observations  with  earth  inductor). 

6.  Earth  inductor  at  B;  dip  circle  201  at  A  (4  determinations  of  J  as  on  day  5). 

7.  Earth  inductor  at  B;  dip  circle  189  at  A. 

8.  Same  as  7.  On  days  7  and  8, 4  observations  for  /  are  to  be  made  with  each  needle  of  the 
pair  iiegularly  used,  and  3  to  4  determinations  of  the  total-intensity  constants  of  the  regularly 
used  intensity  pair;  simultaneous  observations  with  earth  inductor. 

9.  Earth  inductor  at  B;  dip  circle  203  at  A  (2  sets  for  7  to  be  made  with  each  needle-pair 
for  use  in  emergency  with  this  mstrument,  and  2  determinations  of  intensity  constants  for  the 
pair  to  be  used  in  emergency;  simultaneous  observations  to  be  obtained  tliroughout  witii  the 
earth  inductor). 

'See  also  later  direotiona,  pages  321  and  322. 
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B.  The  above  program,  at  primary  stations,  calls  for  the  services  of  3  observers  on  dajrs  1, 2, 3, 
and  4.  On  days  5  and  6,  the  third  observer  might  complete  azimuth  or  latitude  work,  and  com- 
pute the  work  of  the  first  four  days.  At  the  ports  where  swing  observations  are  to  be  madCi  days 
7,  8,  and  9  might  be  devoted  by  the  third  observer,  using  magnetometer  4  and  dip  circle  SX)1,  to 
obecorvations  at  stations  suitably  selected  for  determining  the  distribution  of  magnetion  in  the  region 
of  the  proposed  swing.  The  order  of  program  may  be  varied  to  suit  the  conditions  encountered. 
The  work  with  203  (the  reserve  sea  dip-circle)  may  be  (nnitted  at  every  other  station. 

C.  To  determine  the  distribution  coefficients  for  the  land  magnetometers,  it  will  suffice  to  make 
deflections  at  3  different  pairs  of  distances  at  the  3  stations.  In  no  case,  however,  with  magnetom- 
eters of  the  Department  type  Nos.  2-10,  should  deflection  distances  less  than  25  centimeters  be 
used.  Suitable  pairs  of  distances  would  be  25  and  30,  27.5  and  35,  and  30  and  40  cm.;  in  cases 
where  the  deflection  angles  at  distance  40  are  so  small  as  to  be  difficult  of  determination  with  the 
requisite  accuracy,  deflections  at  the  first  two  pairs  of  distances  wiU  be  sufficient  if  suitably  distributed 
through  the  work. 

DiRBCTIONS  OF  SbFTBMBBB  7,  1011,  FOB  OCSAN  ObSBRVATIONB  WITH  SbA  DeFLBCTOR  4. 

1.  Follow  the  general  scheme  at  present  in  use  and  as  given  in  ''Memoranda  regarding  sea 
deflector  4,  February  13, 1911,"  taking  5  readings,  in  each  position,  for  both  sea  deflector  and  Kelvin 
compass.  Two  full  minutes  must  be  allowed,  after  magnet  is  in  position,  at  beginning  of  observa- 
tions for  each  magnet  (not  distance),  as  also  between  each  reversal  of  sights  (bowl);  one  fuU  minute 
must  be  allowed  between  all  other  positions;  allowing  about  one  minute  for  the  5  readings,  the 
minimum  time  required  for  a  half-set,  from  beginning  of  reading  to  end,  will  be  8  to  10  minutes, 
allowing  for  interruptions  and  repetitions. 

2.  Every  possible  precaution  is  to  be  taken  against  setting  up  motion  of  liquid  in  boid  by 
avoiding  sharp  or  rapid  reversals  of  sights.  Care  must  also  be  taken  to  avoid  possibility  of  card  being 
lifted  off  the  pivot  during  reversals  of  sights  by  the  action  of  deflecting  magnet;  the  latter,  during 
such  reversals,  is  to  be  removed  and  held  far  enough  away,  and  then  replaced. 

3.  Time  and  temperature  are  to  be  recorded  a  few  seconds  before  the  beginning  of  a  set,  so  as  to 
correspond  as  nearly  as  possible  with  actual  beginning  of  set.  Endeavor  should  be  made  to  secure 
as  uniform  conditions  of  temperature  as  possible  during  the  time  the  deflecting  magnet  is  above  and 
when  below  the  card.  To  secure  these  conditions,  the  observing  dome  should  be  covered  sufficiently 
to  prevent  the  Sun  from  shining  directly  on  the  magnet  or  on  the  card;  also  the  binnacle  door  is  to  be 
kept  qpen  throughout  the  series  of  observations. 

4.  To  vary  conditions,  and  to  give  each  magnet  the  same  treatment,  begin  on  alternate  days 
with  magnet  45,  distance  1,  and  magnet  2L,  distance  1. 

5.  It  should  be  kept  in  mind  that  the  careful  work  of  the  deflector-observer  may  be  vitiated  by 
the  recorder's  poor  readings  of  ship's  head  with  the  control  (Kelvin)  compass.  There  should, 
therefore,  never  be  any  hesitation  to  repeat  observations  with  deflector  and  compass,  whenever 
necessary.  Readings  during  rapid  motions  of  compass  cards  should  be  avoided  as  far  as  possible. 
The  deflector-observer,  after  making  several  approximate  settings  at  beginning,  should  aim  to  make 
settings  by  moving  sight-line  slightly  beyond  the  0^  or  180^  of  card,  and  then  working  back  to  desired 
position;  the  direction  in  which  this  is  done  should  be  alternated,  once  from  the  right,  next  time 
from  the  left,  etc.  The  sighting  dit  is  to  be  used  preferably,  as  it  affords  least  c^portunity  for 
parallax  or  "personal  equation." 

6.  Every  possible  care  must  be  bestowed  on  the  preservation  of  constancy  of  magnetic  moments 
of  magnets. 

7.  Upon  conclusion  of  deflector  observations,  the  bowl  will  be  clamped. 

Gbnbral  Directions  of  Sbptbibbb  7,  1011,  fob  Shorb  Obsbrvations. 

After  paying  attention  to  the  general  remarks  contained  in  directions  of  August  30,  1910  (see 
p.  320),  according  to  which  the  shore  work  has  been  done  hitherto,  the  observations  may  now  be 
confined  to  the  following,  two  stations  being  selected  as  free  from  local  disturbing  influences  as 
sunoundingi  permit,  and  care  being  taken  to  have,  as  far  as  possible,  the  same  height  above  ground  of 
magnets  of  the  various  instruments: 
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1.  Magnetometer  4  (or  No.  2,  if  found  preferable)  at  A,  sea  deflector  4  at  B,  simultaneous  D 
and  H  observations  (not  less  than  3  good  sets  of  each  element  and  with  each  instrument).  For  each 
set,  the  footscrews,  or  the  bowl  as  the  case  may  be,  will  be  oriented  differently.  To  overcome 
possible  sticking  of  the  deflector  card,  drum  on  g^ass  cover  before  each  reading  in  both  H  and  D  work. 
The  deflector  D-observations  will  be  made  before  and  after  the  deflections  by  observing  magnetic 
bearing  of  mark  and  using  lowest  part  of  wire. 

2.  Magnetometer  4  at  B,  deflector  4  at  A ;  same  observations  as  for  1.  Observers  will  exchange 
instruments  but  not  stations.  With  proper  care,  the  station  difference,  A-B,  will  be  derived  from 
observations  1  and  2,  with  sufficient  accuracy  for  the  immediate  purpose. 

3.  Earth  inductor  2  at  A  and  D.  C.  189,  or  its  substitute,  at  B;  simultaneous  observations; 
dip  needles  the  same  as  those  used  in  the  ocean  work,  supplemented  by  another  needle  for  possible 
future  use,  as  selected  by  the  Commander.  Besides  r^ular  dips,  complete  total-intensity  observa- 
tions, inclusive  of  loaded  dip,  are  required.  As  many  sets  as  possible  (not  less  than  3  for  direct  dip 
and  3  for  total  intensity)  are  to  be  secured.  The  manner  of  scraping  or  tapping  the  brass  knob  in 
observing  with  sea  dip-circle  appears  to  require  attention;  theoretically,  the  conditions  at  sea  should 
be  simulated  as  closely  as  possible. 

4.  Earth  inductor  at  B  and  D.  C.  189  at  A,  observers  exchanging  instruments  but  not  stations. 
Same  observations  as  for  3.  (The  absolute  value  of  H  will  be  derived  from  the  magnetometer 
observations  of  the  previous  two  days.) 

5.  Detenninations  of  declination-constants  by  Sun  observations  and  bright-line  method  with 
deflector  4  during  the  most  suitable  time.  As  many  sets  as  possible  under  varying  conditions  are  to 
be  secured,  not  less  than  two  observers  taking  part.  The  constants  for  the  nuirine  coUimating- 
compass  will  be  determined  as  the  Commander  may  direct. 

6.  Such  observations  as  found  necessary  are  to  be  repeated  during  the  available  time. 

7.  The  above  scheme  requires  two  careful  observers  for  successful  execution.  Where  compari- 
sons are  to  be  made  with  local  instruments,  a.  9.,  at  Batavia,  then  these  are  to  be  included  in  the 
above  scheme  as  found  best,  a  third  observer,  if  necessary,  taking  part  and  following  the  special 
directions  for  comparison  work.  The  most  experienced  observer  available  is  required  for  the 
observatory  comparisons;  on  these,  special  care  must  be  bestowed. 

Instbuctions  of  August  13,  1913,  fob  Wobk  at  Falmouth. 

Shore  Work. 

1.  Trefusis  Paint,  as  in  1909,  to  be  the  main  station  for  general  intercomparisons  of  instruments 
and  determination  of  instrumental  constants,  provided  that  this  station  ia  still  found  satisfactory; 
otherwise  some  suitable  place  near  by  is  to  be  selected.  The  directions  regarding  reoccupations  of 
old  stations  will  be  explicitly  followcKi. 

2.  St.  Anihony  (C.  I.  W.  1909)  to  be  reoccupied,  using  one  of  the  magnetometers  and  a  good 
land  dip-circle,  and  obtaining  complete  observations  on  2  days. 

3.  PorthaUow  (British  Magnetic  Survey,  1890)  to  be  reoccupied,  as  nearly  as  conditions  permit, 
using  a  magnetometer  and  a  good  land  dip-circle,  and  securing  complete  observations  on  2  days. 

4.  Truro  (British  Magnetic  Survey,  1890).  Same  remark  as  for  No.  3. 

5.  Falmouih  Observatory. — ^The  complete  reoccupation  of  the  observatory  station  on  one  day 
would  be  desirable. 

6.  General  note. — ^All  stations  are  to  be  marked  in  some  manner,  besides  taking  the  usual 
angles  and  making  such  measurements  to  nearby  objects  as  may  be  possible. 

Ocean  Work. 

1.  Observations  are  to  be  made  of  the  three  magnetic  elements  during  complete  swings  of 
the  vessel,  both  helms,  arranged  in  best  manner  possible,  and  at  such  a  time  as  the  Conunander 
may  find  most  suitable,  the  place  of  swing  to  be  the  same  as  in  1909  (latitude  50^  06'  N,  longitude 

6**orw).   ♦   ♦   * 
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(6)  In  view  of  the  new  ocmditicMis,  caused  by  the  recent  stniotunl  work  and  alterationa  of 
veasel  and  by  the  installationB  of  the  atmoq>herio-dectric  inatnunents  within  doae  proximity  to  the 
mounts  for  the  magnetic  instruments,  it  will  be  highly  desirable  to  swing  vessel  and  make  complete 
observations  as  often  as  conditions  may  permit,  in  order  to  make  certain  the  absence  of  deviation- 
correcticms.  During  these  swings,  the  atmoqpheric-electric  instruments  are  to  be  in  place,  and  in 
operation,  just  as  when  the  regular  observations  with  these  instruments  are  made.  It  may  suffice, 
for  the  present  year  (1915),  to  make  these  swings  at  Gardiners  Bay,  Colon  (or  Panama),  Honolulu, 
Dutch  Harbor,  and  Port  Lyttelton.  In  view  of  the  possibility  of  local  disturbance  at  some  of  these 
ports,  especially  Honolulu,  and  periiaps  also  Dutch  Harbor,  it  will  be  desirable  to  make  some  swings 
also  at  sea.    The  aim  should  be  to  get  as  large  a  range  in  magnetic  latitude  as  possible. 

(c)  The  shore  observations  at  Gardiners  Bay  may  be  omitted.  The  diore  work  at  Ciolon 
(or  Panama)  may  be  restricted  to  the  absolutdy  essential  observations  and  comparisons.  At 
Honolulu,  where  a  longer  stop  is  contemplated,  the  shore  observations  and  comparisons  of  instru- 
ments will  be  made  according  to  the  complete  scheme  for  such  work.  Here  also  comparisons  will  be 
obtained  with  the  magnetic  standards  of  the  Honolulu  Magnetic  Observatory.  The  shore  observa- 
tions and  comparisons  at  Dutch  Harbor,  in  view  of  the  high  magnetic  latitude,  should  be  made  as 
complete  as  conditions  will  permit.  Similar  observaticMis  on  arrival  ci  the  vessd  at  Port  Lyttelton 
will  be  made  at  the  Christchurch  Magnetic  Obeervatoryi  and  an  intercompariscm  oS  standards  will 
be  secured.  Inf  ormaticm  regarding  the  shore  stations  and  the  places  where  the  OalUee  was  swung  at 
Honolulu  and  Port  Lyttelton  is  supplied  on  s^arate  sheets. 

II.  AtmospheriC'Eledric  Work. — (a)  The  detailed  directi(His  siq>plied  for  observations  under 
this  head  will  be  followed.^  With  the  addition  of  another  observer  to  the  vessel's  scientific  staff, 
it  will  now  be  possible  to  assign  one  observer  practically  entirely  to  the  atmoqphoio-electric  work. 
However,  in  order  to  secure  simultaneity  of  determination  of  the  various  electric  elements,  it  wdl  be 
necessary  to  have  also  an  auxiliary  observer  take  part  in  this  work.  The  principal  observer,  in  return, 
will  have  to  raider  any  assistance  required  in  the  successful  execution  of  the  other  work  of  the 
Carnegie.    ♦    ♦    ♦ 

ni.  AimoapheriC'R^raction  Work. — ^The  observations  will  be  made  in  accordance  with  the 
detailed  directions  supplied.^  It  is  hoped  that  q>ecial  attention  will  be  paid  to  these  observations, 
in  order  to  secure  desired  improvement.    *    *    * 

IV.  Baromder  and  Bailinq-Poird  Work. — See  detailed  directions.^ 
V.  MeUarological  Observations. — See  detailed  directions.^ 
IV.  Astronomical  Observations  — See  detailed  directions  ^ 

VII.  The  assignment  of  each  observer's  specific  duties  is  left  to  the  Commander's  discretion. 

^The  detailed  directions  are  described  in  the  special  reports  dealing  with  the  various  kinds  of  work.    For  those  pertaininc 
to  the  atmospherio-deotrio  work,  see  pages  376-307. 
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with  a  force  4,  Beaufort  scale.    The  ship's  approximate  position  was  latitude  30?8  south,  and  longi* 
tude  173^  west.    The  nearest  land  was  coral  atolls,  about  200  miles  westward. 

b.  A  very  heavy  clap  of  thiuder  occurred  on  June  4  at  1  p.  m.  in  approximate  latitude  19?5 
south  and  approximate  longitude  169?9  west,  about  20  miles  southeast  of  rcK^  and  timbered  islands. 
The  wind  of  force  5  was  from  eastnsoutheast. 

c.  At  10  p.  m.  of  the  same  day  thunder  and  lightning  were  again  noted  in  latitude  19?3  south  and 
in  longitude  170?4  west,  about  30  miles  from  the  same  islands.    The  wind  was  easty  with  force  4. 

7.  An  examination  of  the  record  also  reveals  the  following  facts,  which  appear  to  have  an  impor- 
tant bearing  on  the  question  referred  to  in  first  paragraph : 

a.  There  was  no  recorded  occurrence  of  streak-lightning  without  the  accompansring  thunder. 

b.  Displays  of  flash  and  sheet-lightning,  unaccompanied  by  thunder,  were  seen  on  one  occasioii 
as  high  as  70^,  but  usually  the  recorded  angular  altitude  was  not  above  35^. 

c.  An  important  fact  may  be  deduced  from  one  of  the  recorded  storms,  vis,  the  varjring  time- 
interval  between  flash  and  clap,  recorded  in  the  lightning  storm  of  October  10,  clearly  indicated  the 
approach  and  recession  of  the  storm,  and  showed  that  the  thunder  was  lost  to  the  CamegU^B  obaenrerB 
when  the  storm  was  over  5  miles  d^tant,  as  determined  by  the  first  and  last  intervals  of  about  20 
seconds. 

d.  Several  times  lightning,  unaccompanied  by  thunder,  was  seen  in  calm  weather,  and  only 
once  was  it  observed  when  the  wind  force  exceeded  4  of  the  Beaufort  scale.  Fnnn  thaw  facts  it 
may  be  concluded  that  the  noise  on  ship  is  not  the  reason  for  the  i4)parent  silence  of  some  lightnings 
storms  at  sea. 

e.  The  record  shows,  however,  that  thunder  was  heard  at  no  greater  distance  than  600  nautical 
miles  from  land,  which  in  this  extreme  case  was  of  such  mountainous  character  as  would  tend  to 
intensify  the  thunder. 

It  may  be  concluded  from  7a,  7b,  7c,  and  7d  that  many  lightning  storms  are  too  distant  to  be 
heard,  while  from  le  it  can  only  be  said  that,  if  the  presence  of  land  is  necessary  to  make  audible  the 
sound  of  thunder  at  sea,  as  has  been  suggested,  then  it  is  possible  that  the  land  may  be  veiy  distant 
at  times,  so  far  even  as  600  miles. 

The  facts  thus  far  noted  are  yet  too  few  to  warrant  any  final  conclusions.  It  is  eipected  that 
additional  data  will  be  available  before  the  present  cruise  of  the  Carnegie  will  have  endoi. 

J.  P.  Ault:  On  the  Sub-Antabctic  Votagb  of  teh  Cabnegie  fbom  Lttteuton  to  Ltttelton, 

VIA  South  Geobgia,  Decembeb  6,  1915,  to  Apbil  1,  1916. 

I  beg  to  submit  the  following  report  on  the  circumnavigation  trip  of  the  Carnegie  from  Lyttelton 
to  Lyttelton  via  South  Georgia,  December  6,  1915,  to  April  1,  1916. 

For  the  first  week  after  leaving  Lyttelton  the  winds  were  mainly  from  the  SSW,  forcing  us  con- 
siderably to  the  eastward  of  our  route;  so  much  so  that  we  sighted  the  Antipodes,  bearing  south, 
distant  20  miles,  on  December  9,  and  would  have  passed  over  the  charted  position  of  the  Nimrod 
Group  had  the  wind  remained  in  the  south  another  12  hours.  It  had  not  been  the  intention  to  go 
near  this  group,  but  the  adverse  winds  sending  us  so  near  them,  it  was  decided  to  stand  on  toward  the 
east  another  da}^  to  endeavor  to  sight  them;  but  the  wind  shifted  to  the  north  12  hours  too  soon  and 
we  passed  40  miles  to  the  SW  of  the  position.  [The  Nimrod  Islands  were  stated  to  have  been  seen, 
at  a  considerable  distance,  by  Capt.  Henry  Eilbech  in  the  Nimrod  in  1828,  who  placed  them  in  about 
56?5  S  and  158?5  W.'] 

On  December  7,  a  mirage  presenting  the  appearance  of  distinct  and  extensive  land  was  seen  in 
the  west,  in  the  direction  of  Banks  Peninsula,  which  was  190  miles  distant  at  the  time. 

We  crossed  the  180th  meridian  December  9,  so  repeated  the  date  as  December  9  (2).  Our  first 
piece  of  ice  was  sighted  on  December  18,  lat.  60^  12'  S,  long.  150°  46'  W,  and  on  December  19,  30 
icebergs,  some  being  over  400  feet  high  and  1  nule  long,  were  passed.  We  had  snow  on  December  18, 
19, 20,  and  21,  and  rather  wintry  weather.  The  barometer  dropped  to  28.26  inches  on  December  18, 
during  the  snow  storm.  No  icebergs  were  seen  after  December  24  until  January  10,  just  before 
arrival  at  South  Georgia,  when  8  or  10  good-sized  bergs  were  passed. 

As  our  route  lay  near  the  charted  position  of  Dougherty  Island,  we  determined  to  look  for  it. 
On  the  afternoon  of  December  24,  the  cry  of  "land  ahead"  was  given  and  we  saw  what  appeared  to 

^See  footnote,  i>ace  327. 
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be  a  bold,  dark  rock  island.  Immediately  our  course  was  shaped  to  pass  near  it.  Everyone  was 
convinced  that  either  a  new  island  had  been  discovered  or  that  the  position  given  for  Dougherty  Island 
was  veiy  much  in  error.  It  seemed  to  be  a  rocky  diff  with  a  snow  cap.  Nearer  approach,  however, 
proved  that  the  supposed  island  was  an  iceberg,  225  feet  high  by  \  mile  long.  The  light  was 
reflected  from  the  perpendicular  ice-wall  in  such  a  way  as  to  give  the  berg  the  appearance  of  a  huge 
dark  rock.  The  morning  of  December  25  found  us  within  3  miles  of  the  position  given  for  Dougherty 
Island.  The  weather  was  cloudy  but  the  seeing  was  good.  Nothing  could  be  seen  from  the  mast- 
head. I  went  aloft  myself  eveiy  half  hour  while  we  were  passing  the  position  given  for  the  island. 
Had  anything  over  100  feet  high  been  within  35  miles  of  the  vessel  in  any  direction  we  would  have 
seen  it.  At  3^  40*  a.  m.,  December  25,  Dougherty  Island  should  have  been  3  miles  SE  of  us. 
There  was  nothing  visible  within  a  radius  of  35  miles  at  the  time.  The  island  has  either  been  charted 
in  the  wrong  place,  or  it  has  disappeared,  or  possibly  it  was  an  ice-island.  Our  experience  on  December 
24  would  confirm  the  possibilities  of  opti^  illusions.  The  Camegi^s  track  (see  Fig.  14)  extended 
from  lat.  59''  28'  S,  long.  123''  17'  W,  to  lat.  59''  08'  S,  long.  IIO"*  lO'  W;  dayUght  and  good  sedng 
were  had  all  the  time.  If  any  one  cJse  attempts  to  locate  the  island,  he  should  try  either  40  miles 
south  or  40  miles  north  of  the  charted  position.  'We  assumed  the  island  to  be  at  59^^  21'  S,  and 
between  119*^  10'  W,  to  120*^  20'  W.  [Dougherty  Island  was  supposed  to  have  been  seen  by  C^)t. 
Dougherty  in  the  Jamea  SUwart  in  1841,  who  located  it  ^)proximately  in  latitude  59^^  20'  S 
and  longitude  120^^  20'  W.  In  1859,  Capt.  E.  Eeates  in  the  Louise  sighted  an  island,  assumed  to  be 
Doughi^,  assigning  the  position  to  it:  59^*  21'  8  and  119^*  07'  W.^] 

December  30  and  31  were  the  first  fine  days  experienced  since  our  departure  from  Lyttdton. 
In  q)ite  of  storms,  rain,  snow,  fog,  and  preva^ing  cloudy  weather,  we  succeeded  in  getting  declination 
observations  daily,  and  averaging  twice  daily  during  the  entire  trip.  This  was  accomplished  by 
taking  advantage  of  eveiy  opportunity  and  q;)ending  considerable  time  standing  by.  Frequently 
we  would  make  six  or  more  trips  to  the  bridge  before  being  successful.  At  other  times  observations 
would  be  made  dining  the  only  5  or  10  minutes  that  the  Sun  was  visible  on  the  entire  day. 

The  winds  were  mainly  from  the  westerly  semicircle,  north  and  northeasterly  winds  with  high 
and  falling  barometer,  shifting  to  northwest  and  west  when  the  barometer  began  to  rise;  rain  and 
mist  occurred  nearly  every  day.    Fogs  were  quite  frequent,  but  not  of  long  duration. 

The  entire  party  has  enjoyed  thus  far  the  very  best  of  health,  and  theweather  has  not  been  very 
severe.    It  has  been  more  enjoyable  in  fact  than  atrip  through  the  hot  tropics. 

We  arrived  at  King  Edwwl  Cove,  South  Georgia,  January  12,  9^  30*  a.  m.,  going  the  last  24 
hours  under  our  auxiliary  power.  The  total  run  from  Ljrttelton  to  South  Georgia  was  5,440  miles,  or 
an  average  of  144  miles  for  37.9  days;  the  total  distance  logged  was  6,010  miles. 

The  Carnegie  left  South  Georgia  at  7  p.  m.,  January  14,  1916,  towed  out  of  harbor  against  a 
heavy  head-wind  by  the  steam  whaler  Fartuna.  In  the  following  days  we  realised  that  we  were  in 
climatic  conditions  quite  different  from  what  we  had  experienced  previously.  Icebergs  appeared 
in  increasing  numbers,  and  fog  was  almost  continuous.  We  will  long  remember  January  18  as  the 
only  day  during  the  entire  trip  of  4  months  when  we  failed  to  obtain  observations  of  the  magnetic 
declination.  The  Sun  was  visible  for  only  3  seconds  during  the  entire  day,  giving  no  opportunity  for 
observations. 

Larger  icebeigs  were  seen  as  we  neared  Lindsay  Island,  one  looming  up  through  the  fog  like  a 
vast  extent  of  dark  land  with  the  bright  ice-blink  r^ected  (tool  the  fog  above  it.  We  encoimtered 
an  ice  stream  where  small  pieces  were  too  numerous  to  dodge. 

On  January  22  we  passed  along  the  north  coast  of  L^dsay  Island  about  3  miles  offshore, 
obtaining  a  good  view  of  this  lonely,  desolate  place,  with  its  deep  mantle  of  snow  and  ice,  surrounded 
with  the  wrecked  icebergs  that  have  come  to  grief  on  its  shoals.  A  delegation  of  6  penguins  came  out 
to  greet  us,  the  only  ones  seen  in  this  vicinity. 

The  island  agrees  almost  exactly  in  appearance  and  outline  with  the  description  and  sketch  given 
in  the  British  Admiralty's  Africa  Pilot,  Part  II,  1910.  It  was  survejred  by  the  German  Deep  Sea 
Expedition  of  1898  in  the  VaUivia.  They  gave  the  position  for  its  center  as  latitude  54®  26'  S, 
longitude  3?  24'  E.    Our  observations  place  its  center  in  latitude  54®  29'  S,  longitude  3®  27'  E,  w 


^Aooording  to^a<yf«.vol.07.  No.  2431.  June  1. 1016.  imco  237,  "in  lOOO.oo  thftlioiiMwftrd  voyac^of  Um  Nimnd,  with  Sir 
B.  H.  Shaoklaton's  Antorotio  Bxpedition.  Capt.  J.  K.  Davia  mada  a  thocoush  aaaroh  for  tlia  Ninuod  and  Doagharty  lalanda. 
and  f atlad  to  find  them ;  thcgr  ware  in  oooaaqiianoo  ramorad  from  tha  laat  adition  of  tha  Prinoa  of  Monaao'a  balhymalriaal  ehart 
of  tha " 
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about  3  mfles  from  the  positioii  assigned  by  the  VaUma.  This  is  a  very  dose  ehedc  in  position  for 
these  regioiis,  and  we  had  no  difficudty  in  locating  the  island.  When  our  redconing  had  placed  it 
about  10  miles  southeast  of  the  yesse!,  we  were  abte  to  locate  it  in  the  proper  directicm  l^  noting  the 
outline  of  a  snow-covered  Racier  which  appeared  motionless  through  the  shifting  rifts  in  doudand  fog. 

Some  authorities  have  called  this  idand  "Bouvet  Idand,"  therd>y  causing  a  little  confusion. 
H.  R.  Mill  in  his  book  "The  Siege  of  the  South  Pole,"  1905,  gives  a  couple  of  pages  to  adescription 
and  picture  of  Lindsay  Island,  but  names  it  ''Bouvet,"  and  gives  as  its  position  the  latitude  and  longi- 
tude quoted  above  from  the  British  Admiralty  Pilot  as  that  of  lindsi^.  Both  books  give  as  their 
authority  the  German  Deep  Sea  Eqiedition  of  1888.  The  British  Admiralty  Pilot  states  that  ''In 
November,  1898,  the  island  (Bouvet)  was  searched  for  unsuccessfully  by  Captain  Krech,  of  the  German 
Deep  Sea  Expedition  vessd  Valiwia.  Its  position  must,  therefore,  be  considered  uncertain."  We 
agree  with  this  condusion,  since  we  check  so  wdl  the  VaUma*s  position  of  lindsay  Island. 

Stider's  Hand-AUas,  1907,  pubUshes  a  map  of  Bouvet  in  a  small  insert  with  its  south  i>oIar 
charts.    The  position  given,  the  coast  outline,  and  appearance  are  those  <rf  Lindsay  Island. 

Did  Captains  Bouvet  and  Norris  see  Lindsay  Island  or  some  island  that  has  never  been  seen 
again?  They  repcnrted  it.  Captain  Bouvet  in  1739,  and  Ci^tain  Norris  in  1825,  and  placed  it  in 
latitude  54""  OO'  S  to  54""  15'  S  and  in  longitude  4''  30"  E  to  5""  00'  E,  or  about  15  miles  north  and 
about  SO  miles  east  of  Lindsay.  We  knowthat  this  positicm  is  seriously  in  error,  fcv  Code,  Ross, and 
Moore  searched  unsuccessfully  for  this  island  while  on  their  various  Antarctic  cruises. 

After  taking  bearings  of  Lindsay  Island  and  such  views  as  the  weather  and  douds  permitted, 
we  stood  east  in  the  h<^  of  m'ghting  Bouvet  Island.  Unfortunately,  drifting  ice,  though  in  small 
pieces,  became  so  thick  that  we  thought  it  best  to  change  our  course  to  the  north  to  avdd  dday  in  this 
locality.    So  disappeared  our  chance  of  sighting  dther  Bouvet  or  Thompson  Islands. 

Shortly  after  leaving  the  vicinity  of  Lindsay  Island,  it  was  dedded  to  stand  northward  toward 
the  Croset  Islands,  so  as  to  cut  the  isogenic  lines  at  a  greater  an^e. 

When  within  30  miles  of  the  southwest  pdnt  of  Eerguden  Idands  the  weather  became  unfavor- 
able for  making  the  land,  fog  set  in,  and  a  gale  began  to  blow,  with  a  rapidly  falling  barometer. 
The  vessd  was  immediatdy  headed  south  to  avoid  outljring  dangers,  and  wh«i  dear  the  course  was 
set  toward  Heard  Island.  The  season  was  advancing,  and  as  a  large  area  remained  to  be  covered 
hetore  our  return  to  Port  Lyttelton,  a  dday  of  a  week  or  more  in  order  to  land  at  Eerguden  seemed 
unwarranted.  This  was  February  6,  and  in  the  evening  a  copper  boac,  ti^tly  sealed,  containing 
abstracts  of  all  results  to  date,  was  set  adrift  on  a  float.  The  following  was  stamped  on  the  copper 
box  with  sted  dies:  "Mail  to  the  Carnegie  Institution,  Washington,  D.  C,  U.  S.  A.,  frcHn  Yacht 
Carnegie,  February  6,  1916."  The  float  was  set  adrift  at  8  p.  m.  in  latitude  50^  14.^3  S,  longitude 
68^  19  f  2  E.  The  only  sign  of  human  kind  seen  during  4  months,  except  at  South  Georgia,  was  a 
corpse  floating  in  the  open  sea,  about  halfway  between  Heard  and  Eerguden  Islands,  far  from  land. 
This  was  on  February  7,  at  latitude  51*  12'  S,  longitude  71*  26'  E. 

On  February  8  our  course  was  set  to  the  northward  to  intersect  the  Carnegie's  track  of  1911,  and 
to  determine  the  annual  change  of  the  magnetic  elements.  We  made  the  first  intersection  in  good 
time,  but  encountered  head  winds  and  later  a  calm,  when  attempting  to  make  the  second  crossing. 
With  the  aid  of  the  engine,  however,  we  were  able  to  make  the  desired  point. 

The  annual  changes  determined  were  as  follows:  17'  in  declination,  increasing  numerically  west 
values,  as  opposed  to  8'  shown  on  the  charts;  — 2'  in  inclination,  increasing  numerically  southerly 
dip;  and  — 0.0007  c.o.s.  in  horizontal  intensity,  the  value  of  this  dement  decreasing. 

The  brief  rest  in  quiet  seas  and  in  warm  sunshine  was  very  wdcome,  but  the  season  was  advanc- 
ing and  we  were  obliged  to  turn  southward  again  and  plunge  into  the  dark  and  stormy  r^ons  of  the 
"roaring  forties  and  furious  fifties."  The  stormiest  period  of  the  trip  awaited  us.  The  heaviest 
gales  and  roughest  seas  yet  encountered  were  experienced,  but  the  vessd  stood  the  strain  well. 

As  the  Carnegie  proceeded  south  toward  the  region  of  Queen  Mary  Land,  the  chart  errors  in 
declination  constantly  increased  imtU,  in  the  region  of  latitude  60^  S,  longitude  110^  E,  they  reached 
a  maximum  of  — 12^  for  the  United  States  and  British  charts,  and  of  — 16^  for  the  German  chart, 
t.  e.f  the  charts  gave  values  of  west  declination  numerically  too  small  by  12^  to  16^. 

On  March  23,  during  magnetic  observations  in  the  afternoon,  the  horisontal  intensity  ranged 
from  0.098  to  0.110  c.  o.  s.,  possibly  indicating  a  magnetic  disturbance  of  some  kind. 

One  iceberg  was  seen  on  March  1,  the  only  one  encountered  since  January  28.  Owing  to  the 
decrease  in  horisontal  intensity  and  the  consequent  uncertainty  of  the  compasses,  it  was  dedded  to 
turn  to  northward  on  this  date,  latitude  69^  24'  S  having  been  reached.  A  few  hours  before  turning 
northward  a  south  wind  q>rang  up,  so  it  was  well  that  we  continued  no  farther  in  that  directicm. 
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The  portion  of  our  route  extending  into  the  Australian  Bight  was  aeetxnplisbed  without  special 
ififficuHy,  and  latitude  39°  29'  S  vas  reached.  Going  south  again,  the  Carnegie  sailed  as  far  as 
latitude  57*  25'  8,  obtuoing  the  low  horiiontal  intensity  of  0.080  c.  o.  s. 

Owing  to  ocHiditions  of  weather  and  lateness  of  season,  it  was  thought  best  to  head  directly  for 
Port  Lyttelton,  orasidering  that  we  would  intersect  at  good  angles  all  isomagnetic  lines. 


Fia.  14.— Oiowiiic  Traek  df  tfca  Cunasit'a  aal>>ABUroti«  Vor*n  DWMntMr  6,  IflU.  to  April  1. 1916. 

The  Snares  were  sighted  early  on  the  morning  <rf  March  29.  They  were  almost  exactly  where 
ire  expected  to  see  them,  so  we  knew  that  our  chroDOmetcrs  were  giving  us  neariy  correct  longitudes, 
after  4  months  of  bard  usage  and  with  the  wide  range  in  tonperature  dstained  in  the  cabin  on  account 
of  the  presence  <A  the  heating  store. 

Observations  for  intensity  and  inclination  were  taken  every  day  regardkas  of  oondititms,  evm 
iriien  the  vessel  was  faove  to  in  a  hurrioane  and  was  being  toeaed  about  like  a  chip,  and  mountainous 
seas  were  threatening  to  break  through  the  observing  dones.  Magnetic  declinations  were  <^)aerved 
OD  all  but  one  day,  during  the  four  moDths'  eruise — a  remariuble  record,  oonadering  the  prevailing 
eooditions  of  fog,  mist,  rain,  and  snow.  This  reoord  was  made  possiUe  only  hy  the  ooDBtant  watdk> 
fulness  of  the  entire  party  and  by  taking  advantage  ot  every  opportunity.    Considerable  time  was 


330 


OcsAN  MAONvnc  ObsbryationSi  1905-16 


q>ent  in  ''standing  by/'  waiting  for  a  break  in  the  doucb  or  fog.  Frequently  only  a  small  opening 
in  the  clouds  would  be  seen  approaching  the  Sun;  then  the  vessel  would  be  dired;ed  to  the  proper 
heading  and  all  observers  would  be  called  to  their  stations  ready  to  begin  observations  the  moment 
the  Sun  appeared.    Often  the  Sun  was  not  seen  again  during  the  day. 

I  can  not  speak  too  highly  of  the  work  done  by  each  and  every  member  of  the  party,  as  to  spirit 
of  cooperation  and  unfaltering  seal  in  the  face  of  most  trying  conditions. 

Gales  occurred  of  force  7  or  higher,  Beaufort  scale,  on  52  out  of  120  days.  On  26  dajrs  the  gales 
were  very  strong,  having  an  estimated  force  of  9  to  1 1.  We  were  overtaken  by  a  continual  procession 
of  circular  storms,  moving  about  the  south  polar  continent  from  west  to  east,  and  were  invariably 
caught  in  the  northern  semicircle,  as  indicated  by  the  barometer  changes.  A  falling  barometer 
always  presaged  northerly  winds  shifting  to  the  northwest  and  blowing  hard.  As  the  barometer 
began  to  rise,  the  wind  shifted  to  southwest,  blowing  a  strong  gale  if  the  barometer  rose  rapidly. 
The  temperature  of  the  sea  water  was  taken  every  hour  during  the  entire  cruise,  excepting  the  first 
few  days.  The  air  temperature  averaged  about  5^  C.  We  had  precipitation  of  some  sort,  mist, 
light  rain,  fog,  rain,  hail,  or  snow  on  100  days  out  of  the  120  days  of  the  voyage.  Fog  was  recorded 
on  20  days,  and  snow  16  days. 

We  were  in  the  region  where  icebergs  may  be  encountered  for  a  period  of  3}  months,  yet  saw 
them  on  only  24  days,  and  to  the  number  of  only  133,  the  largest  being  6  miles  long  and  the 
highest  being  400  feet  high. 

Upon  the  return  to  Port  Lyttelton  (April  1),  there  still  remained  2  tanks  of  fresh  water  on  board, 
and  potatoes  and  onions  sufficient  for  3  more  weeks. 

The  vessel  sustained  no  serious  damage  during  the  trip.  The  metal  fastening  of  the  upper  top- 
sail yard  broke  on  January  4,  but  the  yard  was  successfully  lashed  to  the  parral  and  gave  us  no 
further  trouble.  The  bronse  bobnatay  carried  away  at  the  forward  end  on  February  24.  It  was 
fished  up  after  some  difficulty  and  secured  with  a  dead  eye  and  lanyard.  Upon  examination  in  the 
dry  dock,  the  vessel's  hull  was  found  absolutely  clean  and  undamaged,  only  one  sheet  of  copper  near 
the  keel  requiring  renewal. 

The  total  distance  run  from  Lyttelton  to  Lyttelton  was  17,084  miles,  giving  an  average  of  145 
miles  for  118  days.    The  entire  track  followed  is  shown  in  Figure  14. 


ABSTRACTS  OF  LOGS  OF  THE  CARNEGIE. 
W.  J.  Pbtebs:  Abstract  of  Loo,  Cruise  I,  1909-1910. 


Block  Island,  Rhode  Island,  to  St.  John's,  Newfoundland. 


Date 


1909 
Sept.  13» 
14 
15 
16 
17 
18 
19 
20 
21 
22 
^ 
24 
25 


Noon  position 


Lat. 


Long. 
E.  of  Gr. 


Block  Island 

40  47  N. 

40  40N. 

40  54N. 

41  08  N. 
41  57  N. 

41  49  N. 

42  21  N. 

42  36  N. 

43  38  N. 

44  55N. 
46  09  N. 
St.  John's 


290  05 

290  51 

291  34 

292  45 
296  18 

299  06 
298  42 
298  53 

300  40 
303  35 
306  55 


Day's 
run 


mtZea 


71 

35 

36 

55 

167 

125 

37 

17 

100 

147 

159 

63 


Remarks 


1 1^48™  a.  m.  left  Block  Island.  Calm  to  gentle  westerly  breeies.  Partly  cloudy. 
Light  breeie  from  W.  to  S.  and  calm.    Clear. 
Gentle  breese  from  E.    Partly  cloudy. 
1^  35"^  a.  m.  stopped  engine.    Calm  and  partly  cloudy. 
Moderate  breese  from  S.    Partly  cloudy. 
Moderate  northerly  breese.    Cloudy. 
Fresh  northeasterly  breese.    Cloudy. 
Gentle  breese  from  E.  followed  by  calm.    Clear. 
Calm  to  gentle  northwesterly  breezes.    Clear. 
Gentle  breese  from  NNW.  to  W.    Clear. 

Moderate  northwesterly  breese.    Overcast  and  foggy  with  light  rain. 
Moderate  northerly  breese.    Overcast  and  foggy  with  rain. 
10^  30"  p.  m.  anchored  in  St.  John's  harbor.    Gentle  southeasterly  breese. 
Overcast. 


Total  distance:  1,012  miles.    Time  of  passage:  12.4  da}rs.    Average  day's  run:  81.6  miles. 

^The  Cameoi*  left  Brooklyn  August  21, 1909,  for  trial  run  and  for  swings  in  Gardiners  Bay.   When  these  had  been  com- 
pleted, she  proceeded  to  Block  Island  to  await  a  favorable  wind. 
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St.  John's,  Nswioxthdland.  to  Falmouth.  England. 


Date 

Noon  pontion 

Day'a 
run 

Remarks 

Let. 

Long. 
E.  of  Or. 

1909 
Oet.     2 
3 

4 
6 
6 
7 
8 

9 
10 
11 

12 
18 
14 

e         # 

St.  John's . 

o          / 

mile9 

10^  12^  a.  m.  paaaed  out  of  St.  John's  Harbor.   Light  air  from  W8W.   Cloudy. 

Li^t  breeae  from  NW.    Overeast  and  foggy. 

li^t  breeae  from  NW.    Cloudy. 

Gentle  breeae  from  SW.    Heary  awell  from  NE.    Cloudy. 

Moderate  gale  from  WNW.    Cloudy  with  frequent  showers. 

Moderate  gale  from  wNw.    Cloudy.    Heavy  showers. 

Moderate  to  strong  gales  from  WSW.  to  W.    Squally  with  heary  sea  from 

W.  by  S.  to  W.  by  N.    Cloudy.    Heavy  showers. 
Fresh  breeae  from  W.  to  WNW.    Moderate  aea.    Cloudy  with  ahowera. 
Moderate  gale  from  1?8W.    Heavy  aqualla  of  rain  and  wind.    Cloudy. 
Freeh  breeae  from  W.   Heavy  aea  from  WNW.   Heavy  aqualla.   Cloudy  with 

rain.    T^ightning  in  E.  and  SW. 
Freeh  breeae  from  W.  by  N.    Squally.    Rain. 
Stiff  breeae  from  W.    Cloudv. 
Moderate  breeae  from  W.    9*  01*  a.  m.  anchored  in  Falmouth  Bay. 

47  68  N. 

48  23N. 

48  47  N. 

49  12  N. 
49    81  N. 
60    14  N. 

60    44N. 
60    36N. 
60    23N. 

60    OON. 
49    26N. 
Fafanouth  . 

309    00 
312    02 
814    01 
816    38 
821    41 
826    64 

331    46 
337    09 
341    64 

847    02 
361    42 

71 
124 

84 
106 
198 
206 

188 
206 
182 

198 
186 
168 

Total  distance:  1,005  miles.    Time  of  passage:  12  days.    Average  day's  run:  168.8  miles. 


Falmouth  to  Funchal,  Madeira. 


1909 
Nov.  9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 


O            f 

o 

0 

mtZet 

49    49  N. 

364 

29 

86 

48    61  N. 

361 

09 

141 

48    36N. 

349 

68 

49 

47    44  N. 

348 

23 

81 

46    28N. 

346 

41 

137 

44    34N. 

344 

82 

123 

42    17  N. 

344 

10 

136 

41    63  N. 

343 

38 

36 

40    34N. 

341 

39 

120 

40    23N. 

341 

67 

19 

40    16  N. 

342 

06 

13 

89    62N. 

342 

24 

26 

37    OON. 

343 

27 

177 

36    47  N. 

343 

36 

80 

209 

Proceeded  to  Falmouth  Bay.    Light  westerly  winds. 

7^  43^  a.  m.  left  under  sail.     10^  16^  a.  m.  passed  Lisard.   Stiff  wind  NNW. 

Stiff  to  light  wind  NNW.  to  NNE. 

Weather  cloudy.    Sea  smooth.    Light  airs  from  NW.  to  N. 

light  airs  from  NNW.    Overeast;  passing  showers;  calm. 

Wind  NE.  to  E.;  moderate  to  stiff.    Overcast;  passing  showers. 

Wind  NE.  to  SE.    Light  breese  to  moderate  gale.    Rough  aea. 

Moderate  to  whole  gale  from  SE.  quadrant.    Rough  eea.    Sky  overcaat. 

Moderate  to  freah  gale  and  high  aea  from  SE.  to  E.    Overcaat  and  rainy. 

Stiff  to  freah  wind  from  E.  to  W.    Heavy  aea  from  E. 

Moderate  wind  SSB.  to  SW. 

Calm  to  light  aire.    Weather  cloudy. 

Light  baffling  aire  SW.  to  W.   Cloudy  weather,  with  rain  and  aqualla. 

Weather  dear.    Wind  weaterly;  moderate  to  freah. 

Calm  to  moderate.    Easteriy  wind.    Partly  doudy  weather. 

7^  26^  p.  m.  anchored  off  Funchal. 


Total  diatance:  1,881  milea.    Time  of  paaaage:  14.6  daya.    Average  day'a  run:  96.8  milea. 

Funchal  to  Hamilton,  Bbbmuda. 


1909 

o 

# 

o 

f 

miU$ 

Dec.    1 
2 

Fm 
30 

ichal.. . 

4^  10^  p.  m.  left  FunchaL 
Wind  easterly.    Weather  fine. 

26  N. 

341 

30 

160 

3 

28 

01  N. 

339 

48 

167 

Moderate  wind  ENE.    Weather  fine. 

4 

26 

13  N. 

338 

86 

127 

Moderate  E.  wind.    Fine  weather. 

6 

24 

36  N. 

336 

24 

162 

Moderate  E.  wind.    Fine  weather. 

6 

22 

69  N. 

334 

20 

149 

Moderate  E.  wind.    Fine  weather. 

7 

21 

38  N. 

331 

40 

163 

Moderate  E.  to  SE.  wind.    Fine  weath«>. 

8 

20 

64  N. 

328 

17 

206 

IVeeh  SE.  winds. 

9 

21 

06  N. 

326 

48 

136 

Mod.  SE.  winda.  Cloudy ;  long  rolling  aaaa;  paaaing  ahowera ;  blue  aky ;  equally. 

10 

21 

06  N. 

324 

31 

76 

Gentle  ENE.  winda.  Blue  aky,  cloudy;  rain  aquaUa. 

11 

20 

60  N. 

322 

36 

109 

Moderate  NE.  wind.    Weather  fine.    Moderate  NW.  awell. 

12 

20 

88  N. 

320 

30 

121 

Moderate  NE.  to  ESE.  wind.    Weather  fine;  moderate  NNW.  awell. 

13 

20 

38  N. 

319 

14 

72 

lidit  E.  winda.    Fine  weather.    Moderate  northerly  aweU. 

14 

20 

28  N. 

318 

01 

74 

Li^t  aire  to  gentle  breese  NNE.  to  E.    Partly  cloudy. 

16 

19 

66  N. 

316 

30 

94 

Light  N.  to  NNE.  wind.    Hi^aweU  NNW.;  cloudy. 

16 

20 

03  N. 

314 

11 

132 

GenUe  N.  to  NNE.  wind.    Hi|^  aweU  NNW.;  partly  doudy. 

17 

20 

02  N. 

312 

26 

101 

Gentle  NNE.  to  E.  wind.    Swell  going  down.    Partly  doudy. 

18 

20 

01  N. 

311 

66 

31 

Light  aire  and  cahn;  partly  doudy. 

19 

19 

46  N. 

311 

16 

42 

LU^t  aire  and  calm;  partly  doudy. 

20 

19 

48  N. 

810 

18 

64 

Li^t  aiia  and  calm;  partly  doudy. 
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FUNGBAL  TO  HaMIIAON|  BsBHUDA— OOfWhMU. 


DaU 

NoooponUon 

Diy'i 
run 

R«nBri» 

Ut. 

Long. 
E.  td  Or. 

1909 

Dm.  21 

22 

28 

24 

26 

20 

27 

28 

20 

80 

31 

1910 

Ju.     1 

2 

8 

4 

6 

0 

7 

0           f 

10    40  N. 
10    44  N. 
10    64  N. 

20  63N. 

21  40  N. 

21  80  N. 

22  24N. 
28    Q2N. 
28    68N. 
26    14  N. 
26    88N. 

26    60N. 
20    40N. 
26    03N. 
26    81  N. 
20    46N. 

81   UN. 

300    64 
800    17 
806    20 
800    10 
806    88 
306    06 
308    30 
302    11 
800    86 

206  13 

207  36 

206    60 
204    26 
203    18 
202    40 
202    00 
202    22 

27 

86 

61 

186 

00 

23 

08 

00 

103 

163 

37 

03 
00 

106 
30 
62 
01 

100 

Lifht  Ain  And  «dm;  partly  eknidy.   BSnginA  itarted  0  a.  m.;  itoppad  7  p.  m. 

ligfat  tJn  and  ealm;  partly  doody.  Enfina  atartad  10  a.  m.;  iloppad  1  p.  m. 

light  aim  and  eahn;  partly  okmdy. 

lilfrt  SB.  wind  f oUowad  l^  modflrala  to  fradi  wind  B.  to  8W. 

Wikl  SW.  to  NW.    Higb  NW.  iwalL    Waathir  partly  doody. 

IWbtNNW.bffaaaatooalm.    Hii^NW.awtU.    Waathv  partly  okmdy. 

Wind  888.  to  SW.    Heavy  aqnaU  of  wind  and  rain  ftam  NW. 

HeaTy  aqiialla  of  NW.  wind  and  rain.   Hii^NW.  awalL   WindNB.toSW. 

FIna  waatlMr;  gentia  to  modflrala  wind  lipon  B8B.  to  8.   EQi^  NW.  awalL 

Modirala  to  itiir  wind  SB.  to  &    Finawaathg. 

WindSW.  toNNW.    lii^t  air  to  modorata  gda.   Haavy  aweO.   Waathar 

dear  to  doody. 
Heavy  NW.aweDU  Weatliflr  dear  to  doody.  ]i|^ttoniod.windNNW.toNNE. 
M odecata  to  fradk  wind  NNB.  to  NB..  Heavy  adaaDa  of  wind  and  rain. 
ICodiimta to Uiftt NB. wind.   Finawaather. 
light  faraeie  fhxn  NB.  qoadrant  f oHowad  by  ealm. 

li^t  aire  WN  W.  to  NW.  followed  Iqr  moderate  gale  iram  NB.  with  rooi^  eea. 
Wad  from  NB.  qoadrant  ihif ting  to  B. 
12^40^  p.  m.reedved  pilot  off  Qibb'iHm.  6p.m.andiofadoffDaddng8tool. 

Total  dietanee:  8,072  milee.    Time  of 


87  daya.    Average  day's  ran:  00.2  mUee. 


Hamilion  to  Bbookltm. 


1910 

0 

f 

• 

i 

nvMOT 

Jan.  28 
20 

Hamilton  . 
84    60N. 

0^  80^  a.  m.  left  Hamilton. 
Wind  badca.  then  blowi  a  gala. 

282 

34 

284 

80 

86 

24  N. 

202 

41 

20 

6  p.  m.  hove  to  on  8.  taek.    Bftrong  gale  from  W. 

31 

30 

86  N. 

201 

80 

80 

2^  30"  p.  m.  wore  diip  to  eastward.   Heavy  aqoalla.    Min.  bar.  768i>. 

Feb.    1 

87 

82  N. 

201 

08 

60 

Overeast,  rain,  long  rolling  sea  and  tide  ripe. 

2 

30 

48  N. 

200 

34 

60 

Heavy  gale  from  N. 

8 

30 

ION. 

260 

40 

60 

Wind  baddng  and  moderating. 

4 

87 

88  N. 

280 

20 

86 

Strong  gale  from  W.  to  NW.    Bough  eea. 

6 

37 

16  N. 

200 

66 

73 

Gala  moderating. 

0 

30 

62  N. 

201 

04 

26 

NW.  gala,  snow  and  haiL    Roogh  sea. 

7 

34 

41  N. 

280 

68 

102 

NW.  gale,  snow  and  hail.    Rough  sea. 

8 

34 

66  N. 

280 

64 

27 

Wind  and  sea  moderating. 

0 

37 

07  N. 

280 

04 

135 

Moderate  to  fresh  W.  to  NW.  wind. 

10 

30 

05  N. 

288 

36 

123 

Moderate  gale  SW.  to  NW.    Rough  sea. 

11 

40 

17  N. 

280 

06 

77 

Moderate  gale  NW.  by  W.,  then  moderating. 

12 

40 

12  N. 

287 

10 

100 

Variable  winds.    11  p.  m.  strong  gale  E.,  thidcsnow. 

13 

40 

19  N. 

287 

60 

72 

W.  to  WNW.  wind,  moderate  to  fresh  gale  varied  by  ealms.   6  p.  m.  passed 
Montauk  Point. 

14 

60 

3  a.  m.  eame  to  anchor  N.  of  Montauk  Pt.    8^  30F^  hove  short. 
8  p.  m.  weighed  anchor;  10^  03»  Little  GuU  Lt;  11^  26^  Orient  Pt 

16 

55 

Working  towards  New  Haven.    3  a.  m.  came  to  anchor  oif  Clinton,  Conn. 
10  a.  m.  weighed  anchor;  4  p.  m.  Heaton's  Dock,  New  Haven. 

16 

Lying  at  Heaton's  Dock.  New  Haven.  Conn.   Head  wind. 

17 

Brooklvn . . 

81 

6^  41?  a.  m.  left  New  Haven  in  tow  of  tug  AUri:  6^  16*  p.  m.  stopped  at 

Quarantine.    7^  30*  p.  m.  dooked  at  Brooklyn. 

Total  distance:  1,520  miles.    Time  of  passage:  20.4  days.    Average  day's  run:  76.0  milee. 

Summary  of  Pauagea  for  Cruise  I  of  the  Carnegie, 

Table  67. 


Passage 

Length  of 
passage 

Time  of 
passsge 

day's  run 

Brooklyn  to  Block  Island 

Block  Island  to  St.  John's 

St.  John's  to  Falmouth 

m%U9 
101 
1,012 
1,005 
1,381 
3.072 
1.620 

dayM 

milsf 

12.4 
12.0 
14.6 
37.0 
20.4 

82 

160 

06 

00 

76 

Hamilton  to  Brooklyn 

LengthofCruissI:  O.OOOmilee. 


at  sea:  00.8  days.   Average  day's  ran:  100  mllss. 


-t-« 
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W.  J.  Parms:  Abstract  of  Loo,  CBum  11, 1910-1913. 

GSBBHFOBT,  LONG  ISLAMD.  TO  POBT  MULAS,  VlXQUBI. 


Dat« 

Noonpoiition 

Day'a 
run 

Bamarioi 

Lat. 

Long* 
B.  of  Gr. 

1910 
Jime29« 

30 

July     1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 
19 
20 
21 
22 
23 
24 

e        / 
QfP6PD<Mrt. 

o            / 

mUn 

2^  45*   p.  m.  left  Greenport  under  power  and  tail.    4^  45*  p.  m.  stopped 

engine.    Moderate  breeie  from  W. 
Calm  to  moderate  8W.  breeae.   Sea  nnooth.    Tjghtning  during  evening. 
Gentle  braeae  from  SW.  to  NW.  and  ealm.    Sea  amooth.    Gulf  Stream. 
Moderate  breeae  from  BW.    Sea  moderate,  inereaaing. 
Stiff  breeae  from  NW.  to  SW.    Sea  eboppy. 

Moderate  breeae  from  SW.    Sea  eboppy  to  rough.    Left  Gulf  Stream. 
Stiff  breeae  from  SW.  and  SW.  by  W.   Heavy  aea.    Rain  and  wind  aqualla. 
Stiff  to  li^t  breeae,  SW.  to  NNW.  to  NNE.    Rainy  and  squally  to  dear. 
Light  breeae  from  NE.  to  NW.  to  NNB. 
Light  variable  aim  and  ealm.    Moderate  awell. 
Gentle  breeae  from  W.  to  SW.    Smooth  aea. 
Gentle  breeae  from  SW.  to  S.  and  ealm.    Sea  amooth. 
Light  variable  breeaea  and  ealm.    Sea  amooth. 
Calm.    Sea  amooth. 
Variable  breeaea.    Sea  amooth. 

Wind  variable,  and  ealm.   Sea  amooth.   3^  15*  p.  m.  atarted  engine. 
Wind  variable,  and  calm.    Sea  amooth. 
¥^nd  variable,  and  ealm.   Caua^t  NE.  tradea.   12^05*a.m.engineatopped; 

4^  55*  p.  m.  atarted;  midnight,  atopped. 
Gentle  SB.  breeae. 
Moderate  breeae  from  ESE.  to  E. 
Stiff  breeae  ftrom  B. 
Stiff  breeae  from  E. 
Moderate  breeae  from  E.  by  N. 
Moderate  breeae  from  ENE. 
Stiff  breeae  fhnn  NE.  to  ENE. 
Stiff  breeae  fkom  E.  by  N.  to  E.  by  S.   2^  05*  p.  m.  anchored  at  Port  Mulaa. 

40    53N. 
40    OON. 
39    42N. 
37    52  N. 

37  56N. 

38  12  N. 
38    12  N. 
37    56N. 
37    59  N. 
37    03N. 
35    57  N. 
35    33N. 
84    48N. 
83    53N. 
88    OON. 
31    05  N. 
29    47  N. 

28    ION. 
25    89N. 
23    27N. 
21    48  N. 
20    24N. 
19    13  N. 
18    49  N. 
Port  Mulaa 

289    06 
292    06 
294    39 

296  18 
299    06 
303    26 
307     16 

309  26 

310  48 
811    53 

312  53 

313  02 
313    17 

313  59 

314  08 
314    02 
313    52 

313    35 
312    02 
m    23 
306    30 
303    51 
301    07 

297  59 

34 

146 

118 

166 

86 

206 

182 

103 

65 

76 

81 

25 

47 

66 

44 

124 

79 

98 
172 
196 
187 
171 
170 
180 
194 

Total  diatanoe:  3.016  milca.    Time  of  paaaage:  25  days.    Average  day's  run:  120.6  milea. 

^The  Cameffi§  left  Brooklyn,  June  20,  to  make  awinga  in  Gardinera  Bay  and  for  final  preparationa  before  going  to 
uaually  anchoring  off  Greenport. 

ViBQUBB  AND  SaN  JuAN  TO  PaBA. 


1910 

e 

/ 

e 

0 

WWwwM^^B 

July  27 

Port  MuIm 

12 

7^  17*  a.  m.  nroeeeded  l^om  Port  Mulaa  under  aafl.    Freeh  eaaterly  breeae. 

f^ 

8^  85*  p.  m.  anchored  in  TWget  Bay. 

Auc.    1 

Target  Bay 
Port  Mulaa 

12 

Leftlla.m.underaaiL    Mod.  breeae.  ENE.    2^  40*  D.m.  arrived  Port  Mulaa. 

5 

12 

Left6^15*a.m.under8aiL  Mod.  breeae.  E!NE.  4^50*D.m.arrivedTargetBay. 

t     7 

TaramtB^v 

56 

6^  45*  a.  m.  left  TUset  Bay  under  aail.    Moderate  northeaateriy  breeae. 

> 

5^  20*  p.  m.  arrived  at  San  Juan.    Sea  mooth. 

18 

San  Jnmn . .  1 

38 

l^t  im^m.  MfMJar  jwif^tm.twwfg     Mod.  breeae.  ENE.   8  a.  m.  atopped  engine. 

19 

22 

UN. 

192 

58 

198 

^^^^P^^F^^    ^^       ^          ^^^P'^      ^^^^^P^        ^^^P^^^P^W  ^^P^^          ^^P^P^^^^^P^l^P^P^^P         ^^^^^^P     W^V     ^^p^P    W                            ^V^^^P  ^^P  ^B^^P         .^^^B    ^i^^^^^^P  ^^PW      ^^P^P  ^"     ^    ^^"^^  ^                      ^^^       ^^^  ^        ^^^^^  »        ^^p  ^p^^^p  ^^^  ^m^  ^^  ^.^       ^^  ^P.^^^^p^^^p^  ^^P^ 

Moderate  breeae  fhmi  ENE. 

20 

24 

55  N. 

193 

86 

168 

F^eah  breeae  htm  B.  by  S. 

21 

27 

43  N. 

194 

40 

178 

IVeafa  breeae  from  E.  by  S. 

22 

30 

28  N. 

196 

34 

189 

Moderate  to  freah  breeae  f^mn  SE.  by  E. 

23 

32 

43  N. 

198 

17 

165 

Moderate  breeae  fhwB  SB.  to  ealm. 

24 

33 

14  N. 

298 

39 

37 

Lii^t  aire  and  ealm. 

25 

83 

04  N. 

300 

39 

101 

Gentle  to  ftreah  breeae  from  NNE.    Sea  moderate. 

26 

82 

51  N. 

303 

89 

152 

Gentle  to  freah  breeae  from  NE.    Sea  moderate.    Squalla. 

27 

82 

26  N. 

804 

50 

72 

Calm  and  light  aire.    S<iualla.    Long  SE.  aweU. 

28 

82 

80  N. 

806 

41 

86 

Calm  and  Ugfat  ain.    SquaUa.    Long  NE.  aweU. 

29 

82 

21  N. 

806 

52 

18 

8^  10^  p.  m.  atarted  engine;  8  p.  m.  atopped  engine.    Calm. 

30 

31 

54  N. 

807 

16 

76 

7^  56*  a.  m.  atarted  engine;  4^  18F*  p.  m.  atopped.    Light  air.  • 

31 

80 

68  N. 

808 

87 

89 

Liifr t  aire  to  fkeafa  breeae. 

Sept.    1 

28 

40  N. 

812 

11 

227 

Freah  breeae  WSW.  to  NE.    Sea  choppy. 

2 

27 

48  N. 

818 

88 

96 

Light  aire  to  moderate  breeae. 

8 

26 

UN. 

814 

00 

95 

Cahn  to  moderate  ESE.  breeae.    Caui^t  tradea. 

4 

24 

08  N. 

814 

84 

188 

Moderate  breeae  from  ESE. 

5 

22 

08  N. 

815 

88 

184 

Moderate  breeae  from  B. 

6 

19 

48  N. 

817 

08 

155 

Moderate  breeae  from  B. 

7 

17 

26  N. 

818 

22 

161 

Moderate  breeae  Ihim  BNB.    Squalla. 

8 

15 

24  N. 

819 

86 

141 

ModeiBte  breeae  firom  BNB.    SquaUa. 
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Vhqum  and  San  Juan  to  TAMAr-cmuiydtd. 


Data 

Noon  podUon 

Day'i 
run 

Remarks 

Lat. 

Long. 
E.  of  Gr. 

1910 
Sept.    9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 

o          / 

14    37  N. 
12     ION. 
10    27  N. 

9    13  N. 

8    08N. 

7    13  N. 

6    41  N. 

6    17  N. 

5    52  N. 

5    36N. 

3    33N. 

2    04N. 

0    47  N. 

0    00 

0    24  8. 
Para 

o           / 

320    13 
320    36 

320  43 

321  38 

322  29 

323  06 
323    12 

323  17 

324  06 
324    12 
322    18 
320    13 
317    02 
314    07 
312    03 

mi/et 

58 

149 

103 

92 

82 

67 

33 

24 

55 

17 

168 

154 

206 

189 

138 

73 

Variable  breeies  to  ealm.    Long  NE.  swdl. 
Variable  breeies.    Squalls.    Tide  rips. 

2^  39*  p.  m.  started  engine;  12  p.  m.  stopped.    Calm.    Long  NE.  sw^. 
8^  40*"  a.  m.  started  engine;  8  p.  m.  stopped.    Calm.    Long  NE.  swell. 
1  p.  m.  started  engine;  8  p.  m.  stopped. 
9^  45^  a.  m.  started  engine;  6  p.  m.  stopped. 
Light  variable  airs.    Sea  smooth. 
Light  variable  airs.    Sea  smooth. 
Light  variable  airs  and  ealm.    Sea  smooth. 
Calm  to  moderate  breeae  from  8.  by  E.    Caught  8E.  trade. 
Gentle  breese  from  SE.    Sea  smooth. 
Gentle  breese  from  SSE.    Sea  smooth. 
Gentle  breese  firom  8.  by  E. 

Gentle  easterly  breese.    Sea  ohoppy.    On  soundings. 
Gentle  easterly  breese.    Sea  ohoppy.    On  soundings.   Off  Para  Mouth. 
Gentle  breese  from  NE.   To  anehorage  ofF  Jetuba  I.    12^  23^  a.  m.  anehored. 
5^  56^  a.  m.  left  anchorage.    10^  10*  a.  m.  anchored  off  City  of  Para. 

Total  distance:  4,257  miles.    Time  of  passage:  37.1  days.    Average  day's  run:  114.7  miles. 


Para  to  Rio  de  Jansibo. 


1910 

e 

/ 

o 

/ 

miU9 

Oct.   15 

Par& 

l(y^  35*  p.  mr  left  Para  (Pinheiro  Ptt),    Working  out  of  river  under  power. 

16 

9^  30*  p.  m.  left  Gairotas  Anchorage  under  power  and  sail.    11^  5J^  p.  m. 

17 

0 

53  N. 

311 

51 

89 

left  river. 
1^  40^  a.  m.  stopped  engine.   Rrooeeded  under  safl.   Moderate  breese  6t>m  EL 

18 

4 

05  N. 

311 

12 

196 

Moderate  sea.    F^esh  breeae  from  ENE. 

19 

6 

05  N. 

311 

12 

120 

Moderate  sea.    Gentle  breese  from  ENE. 

20 

6 

51  N. 

311 

45 

56 

Made  colors  to  Brasilian  man-of-war  bound  E.    Calm.    Hebvy  SE.  sweQ. 

21 

6 

02  N. 

312 

29 

74 

Moderate  sea.    Calm  to  light  breese  from  SSE. 

22 

7 

23  N. 

314 

08 

128 

Moderate  sea.    Moderate  southeasteriy  breese. 

23 

10 

ION. 

314 

09 

166 

Moderate  sea.    Moderate  easteriy  breese. 

24 

12 

00  N. 

314 

16 

111 

Smooth  sea.    Gentle  easteriy  breeae. 

25 

13 

09  N. 

314 

25 

70 

Moderate  sea.    Moderate  breese  from  ESE. 

26 

15 

17  N. 

315 

39 

146 

Moderate  sea.    Moderate  breese  from  ESE. 

27 

18 

04  N. 

316 

23 

173 

Smooth  sea.     Moderate  breese  from  E.  by  S. 

28 

17 

28  N. 

317 

03 

53 

Moderate  sea.    Fresh  easterly  breese. 

29 

15 

23  N. 

318 

11 

141 

Rough  sea.    Moderate  breese  from  E.  by  8. 

30 

13 

09  N. 

318 

51 

139 

Moderate  sea.    Heavy  current  rips.    Moderate  breese  from  E.  by  S. 

31 

11 

21  N. 

319 

17 

115 

5^  37"  p.  m.  started  engine.    Current  rips.   Gentle  breese  from  ESE.  8  p.  m. 
stopped  engine.    Squally,  variable  winds. 

Nov.    1 

12 

02  N. 

320 

20 

74 

8^  50^  a.  m.  started  engine;  6^  50"^  p.  m.  stopped  engine.   Long  easterly  swell. 
Variable  breeses. 

2 

12 

07  N. 

321 

15 

54 

8^  25^  a.  m.  started  engine;  8  p.m.  stopped  it.  Smooth  sea,  current  rips.  Calm. 

3 

11 

50  N. 

322 

05 

52 

8^  55™  a.  m.  started  engine.    5**  05™  p.  m.  stopped  engine.    Smooth  sea,  squally. 
Gentle  breese  from  E. 

4 

12 

30  N. 

322 

32 

48 

Smooth  sea.    Gentle  breese  from  E.  by  N. 

5 

10 

58  N. 

323 

02 

97 

Moderate  SE.  swell.    Gentle  easterly  breese. 

6 

11 

09  N. 

323 

25 

25 

Smooth  sea,  variable  winds. 

7 

11 

52  N. 

323 

58 

54 

Squally,  variable  breeses,  smooth  sea. 

8 

11 

42  N. 

324 

04 

12 

Squally.    Variable  breeses.    Long  swell  from  8. 

9 

10 

47  N. 

324 

32 

62 

Squally.    Long  swell  from  S.    Moderate  breese  from  SE.  by  E. 

10 

10 

14  N. 

325 

07 

48 

Squally.    Fresh  breese  from  E.  by  N.    Choppy  sea,  and  long  swell  from  S. 

11 

8 

14  N. 

325 

52 

128 

Squally.    Moderate  breese  E.  by  S.    Rough  sea,  waterspout  passed  near. 

12 

6 

26  N. 

326 

31 

115 

Squally.    Confused  sea.    Variable  breeses. 

13 

6 

45  N. 

327 

03 

38 

Squally.    Confused  sea.    Variable  winds. 

14 

5 

43  N. 

327 

39 

71 

Squally.    Confused  sea.    Variable  winds. 

15 

3 

53  N. 

327 

51 

111 

Squally.    Rough  sea.    Variable  winds. 

16 

3 

22  N. 

328 

00 

32 

Squally.    Rough  sea.    Variable  winds. 

17 

1 

28  N. 

327 

13 

123 

Squally.    Rough  sea.    Caught  SE.  trades. 

18 

1 

lis. 

326 

02 

173 

Moderate  sea.    Crossed  the  equator.    Fresh  southeasterly  breese. 

19 

4 

01  S. 

325 

32 

174 

Heavy  to  moderate  sea.    Fresh  southeasteriy  breese. 

20 

5 

23  S. 

325 

27 

82 

Long  SE.  swell.    Sighted  Brasilian  coast  near  Natal.    Fresh  SE.  breese. 

21 

6 

00  8. 

325 

36 

38 

Rough  sea.    Fresh  breese  from  SE.  by  S.    Squally.    Beating  down  coast. 
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Para  to  Rio  db  Janubo— eoneliMtod. 


Noon  position 

Date 

Day's 

Ramarka 

Lat. 

Lone. 
E.  of  Or. 

run 

1910 

e         r 

e 

/ 

mUn 

Not.  22 

7    418. 

326 

21 

101 

Long  8E.  swell.    Passed  Pemambuoo.     Moderate  breese  from  8E. 
Beating  down  ooast. 

by  8. 

23 

9    66  8. 

826 

24 

134 

Passed  Cape  8t.  Augustine.    Moderate  swell.    8qually.    Fresh  E8E. 

breese. 

24 

12    66  8. 

324 

46 

186 

Moderate  bieeae  from  E.  by  8.    Moderate  sea. 

26 

16    16  8. 

323 

69 

166 

Fresh  fateese  from  8E.    Moderate  sea. 

26 

17    46  8. 

323 

12 

166 

Gentle  breeae  from  BNE.    Moderate  swell. 

27 

19    27  8. 

322 

16 

114 

Gentle  bfeese  from  NB.  by  E.    Moderate  swell. 

28 

21     20  8. 

321 

02 

132 

Gentle  breese  from  NNE.    Moderate  swell. 

29 

21     63  8. 

320 

16 

66 

6  p.  m.  lay  to.    Moderate  gale  from  8W.    Rough  sea. 

30 

22    26  8. 

321 

02 

66 

Lsring  to  till  9  a.  m.    Roui^  sea.    8trong  breese  from  8. 

Dec.     1 

23    03  8. 

319 

22 

100 

Reaching  till  4  a.  m.    Long  swell.    Gentle  breese  from  8. 

2 

Rio  de  Jane 

aio. . . 

147 

1^  66^  p.  m.  till  6^  16*  p.  m.  under  power.    Long  swell.    Calm  and  variable 
winds.   6^  16^  p.  m.  arrived  at  Rio  de  Janeiro. 

Total  distance:  4,733  miles.    Time  of  passage:  47.8  dasrs.    Average  day's  run:  99.0  miles. 

Rio  db  Janbibo  to  Montbvidbo. 


1910 

e 

/ 

o 

t 

Dee.  29 

Rio 

de  Jane 

• 

ttro. . . 

•  •  •   • 

6^  42^  p.  m.  left  Rio  de  Janeiro  under  power. 

30 

23 

66  8. 

317 

01 

66 

4^  1^  a.  m.  stopped  engine. 

31 
1911 
Jan.     1 

24 

18  8. 

316 

42 

21 

Long  8B.  swell,  squally.   Gentle  southerly  breese. 

26 

04  8. 

317 

06 

66 

Long  sweU  from  8.,  squally.    Gentle  westeriy  breese. 

2 

26 

36  8. 

318 

03 

106 

Long  swell  from  8W.    Gentle  breeae,  8W. 

3 

26 

62  a 

317 

36 

30 

U^t  airs  from  8W. 

4 

28 

11  & 

316 

08 

111 

Gentle  breese  from  BNE. 

6 

30 

09& 

316 

17 

126 

Moderate  westerly  breeae. 

6 

30 

47  8. 

314 

30 

66 

Moderate  breese.  W.  by  8. 

7 

30 

27  8. 

312 

61 

84 

Gentle  southwesterly  breese. 

8 

30 

22& 

312 

21 

27 

Long  NE.  swelL    Light  airs  from  BNE.     12^  66**  p.  m.  started  engine: 
11^  2<^  p.  m.  stopped. 

9 

31 

16  & 

312 

02 

67 

Moderate  aoutheriy  breeae. 

10 

31 

29& 

312 

14 

17 

Long  8W.  swell    Calm. 

11 

33 

23  8. 

310 

31 

144 

Moderate  breeae,  NB. 

12 

34 

29  8. 

307 

66 

148 

Long  NB.  swell.    On  soundings.    Gentle  breese,  BNE. 

13 

36 

018. 

306 

66 

104 

Long  easterly  swell.  Oif  Cape  SanU  Maria.  Under  power.   Variable  breeses. 

14 

Montevidec 

116 

Ilk  Q5P 1^  m,  anchored,  Montevideo.    Left  Jan.  16,  arrived  Buenos  Aires  17th. 

Total  distance:  14U^  miles.    Time  of  passage:  16.7  days.    Average  day's  run:  80.1  miles. 

MONTBYIDBO  TO  CaPB  ToWK. 


1911 

o        /               o 

0 

nwvvW 

F^  14 
16 
16 
17 
18 
19 
20 

Buenoe  Ain 
La  Plata... 
rruirassiiir  1^ 

sa. . . . 

9^  40^  a.  m.  left  Buenos  Aires  in  tow.    6^  20^  p.  m.  anchored  off  La  Plata. 

1^  30^  a.  m.  left  anehorage.    11  a.  m.  anchored  near  Cuirassier  Bank. 

Remained  at  anchor. 

Remained  at  anebor. 

4  a.  m.  left  anehorage;  6^  20^  p.  m.  anchored  off  Panuela  Rock. 

Remained  at  andior. 

7^  46*  a.  m.  left  andiorage  at  Panuela  Rock;  6^  40^  p.  m.  anchored. 

tABk. 

Cuirassiar  Bank . 
Cuirassier  BAnk  . 

PanuelaRo4 
Montevideo 

sk. . . 

1 

•  •  •  • 

21 

36    39  8. 

304 

04 

47 

2^  60*  a.  m.  left  anchorage  at  Montevideo,  proceeded  to  sea.    Li^t  airs,  N. 

22 

36    228. 

806 

46 

93 

Light  airs,  NW.    Fine  weather. 

38 

86    048. 

807 

60 

103 

Gentle  SB.  breeae.    Fine  weather. 

24 

86    16  a 

308 

18 

36 

Light  airs  from  B.    Long  swelL    Fine  weather. 

26 

36    28  8. 

309 

86 

68 

Gentle  breeae,  NNB.    Fine  weather. 

26 

37    84& 

312 

20 

146 

Moderate  NB.  breeae.    Fine  weather. 

27 

38    82  8. 

316 

21 

164 

Strong  breeae,  NB.  by  N.    Rough  sea.    Cloudy  weather. 

28 

39    12  8. 

319 

08 

181 

Moderate  gale,  N.  by  B.    Roug^  sea.    Ckmdy  and  misty  weather. 

Mar.    1 

39    28  8. 

322 

00 

186 

Calm.    Choppy  sea.    Cloudy  and  misty  weather. 

2 

39   4oa 

324 

81 

116 

Mod«ate  gale,  S.  by  W.    Rough  sea.    Cknidy  and  squally. 

8 

89    66  8. 

828 

02 

163 

FVesh  breeae,  S8W.    Long  heavy  swelL    Qoody  weather. 

4 

40    87& 

881 

61 

180 

Fredi  bteeaa,  88W.    Long  heavy  swelL    Overeaat 

6 

40    87& 

884 

82 

136 

Variable  airs.    Ckmdy  wmiOnm. 

6 

40    60& 

886 

48 

104 

Moderate  NB.  breeae.    Overeast  and  rainy.  .Gale. 
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OcBAN  Magnbtic  Obbsrvations,  1905-16 


MoNTBYiDBO  TO  Caps  Town— oohoHmM. 


Date 

Noon  poeition 

Day's 
run 

Remarka 

Lat. 

Long. 
E.  of  Gr. 

1911 

Mar.    7 

8 

0 

10 

11 

12 

13 

14 
15 
16 
17 
18 
10 
20 

o           t 

41     22  8. 
41     16  8. 
41    018. 
40    46  8. 
40    64  8. 
30    66  8. 
30    20  8. 

30    23  8. 
30    06  8. 
38    27  8. 
37    58  8. 
36    66  8. 
35    10  8. 
Cape  Town 

e          / 

340    01 
344    03 
348    41 
362    41 
364     18 
368    08 
0    30 

2    02 
4    20 
7    20 
0    37 
11    47 
15    63 

milet 
140 
182 
210 
176 
74 
186 
120 

66 
115 
130 
112 
122 
222 
164 

Moderate  breese,  WNW.    Heavy  sea.    Fog. 

Moderate  breeae  from  N.    Fog. 

Fresh  breeae  from  N.    Fog. 

Gentle  southeriy  breeae.    Fog. 

Moderate  weateriy  breeae.    8mooth  sea.    Fine  weather. 

Fkesh  breeae,  BW.    Fine  weather  to  sqoally. 

8^  60^  a.  m.  started  engine.    Long  swell.    Light  airs  from  8W.    0^  40^  a.  m. 

stopped  engine. 
GentlB  breeae,  N.  by  E.    Long  swell.    Cloudy. 
Light  breese,  NNE.    Cloudy. 

Moderate  northerly  breeae.    8mooth  sea.    Fine  weather. 
Gentle  breese,  NNW.    Confused  sea.    Fine  weather. 
Li^t  breese,  WNW.    Fine  weather. 
8trong  breeae,  88W.    Overeast    Rough  sea. 
2^  80"  p.  m.  arrived  at  Cape  Town.    Light  variable  airs. 

Total  distanoe:  3,650  miles.    Time  of  passage:  27.6  days.    Average  day's  run:  133.1  miles. 

Caps  Town  to  Colombo,  Cbtlon. 


1911 

e 

0 

e 

/ 

rrvvvvV 

Apr.  26 
27 

Cape  Town 

Left  Cape  Town,  1^  30*  p.  m. 

86 

48  8. 

20 

07 

170 

Roui^  sea,  cloudy.    8trong  breese,  W8W. 

28 

87 

26  8. 

23 

44 

202 

Rou^  sea,  cdoudy.    Moderate  gale  from  NW. 

20 

38 

20  8. 

27 

18 

180 

Rough  sea,  cloudy.    Moderate  northerly  breeae. 

30 

40 

04  8. 

30 

20 

171 

Long  swell,  foggy.    Gentle  breese,  NNW. 

May    1 

40 

22  8. 

33 

33 

146 

Cross  sea,  overcast,  doudy  and  hasy.    Moderate  breese,  NE.  by  N. 

2 

40 

17  8. 

87 

04 

154 

Cloudy.    Moderate  breese,  8.  by  B. 

3 

30 

46  8. 

38 

16 

64 

Large  sdiool  of  blaokfish  about  the  ship.    Calm. 

4 

40 

14  8. 

41 

44 

161 

Cloudy.    Strong  breese,  8.  by  W. 

5 

38 

30  8. 

44 

10 

164 

Rough  sea,  doudy  and  hasy.    Strong  8W.  breese. 

6 

30 

04  8. 

47 

27 

148 

Rough  sea,  doudy  and  overcast.    F^esh  westeriy  breese. 

7 

30 

118. 

61 

46 

201 

Heavy  sea,  cloudy.    Gale  blowing  from  8W. 

8 

30 

218. 

55 

05 

156 

Roui^  sea,  cloudy  and  squally.    Strong  breese  from  W. 

0 

40 

02  8. 

58 

65 

181 

Partly  doudy.    Fresh  breese,  W8W. 

10 

40 

18  8. 

62 

41 

174 

Moderate  breese,  WN  W.    Fine  weather. 

11 

40 

10  8. 

67 

41 

230 

Rough  sea,  doudy  and  squaUy.     Moderate  gale  blowing  from  WSW. 

12 

30 

40  8. 

71 

08 

163 

Cloudy  and  squally.    Moderate  breese,  8.  by  E. 

13 

30 

16  8. 

72 

15 

68 

Smooth  sea,  doudy.    Gentle  breese  from  WNW. 

14 

30 

26  8. 

73 

52 

76 

Smooth  sea,  partly  cloudy.    Swung  ship.    Gentle  NE.  breese. 

15 

40 

12  8. 

74 

25 

52 

Long  swell,  partly  clear.    Gentle  breeae,  ESE. 

16 

38 

58  8. 

75 

31 

80 

Long  easterly  swell,  doudy.    Gentle  breeie  SSE. 

17 

38 

43  8. 

77 

21 

87 

Long  swell,  doudy  to  dear.    Off  St.  Paul  I.    Gentle  breese,  WSW. 

18 

37 

56  S. 

77 

43 

70 

Rough  sea,  squally.    Moderate  gale  blowing  from  WNW.    Off  Amsterdam  I. 

10 

35 

25  8. 

77 

38 

151 

Long  swdl,  cloudy.     Tiiifht  breese,  SSW. 

20 

33 

54  8. 

78 

01 

02 

Long  swdl,  doudy.    Swung  ship.    Gentle  breese  WSW. 

21 

31 

43  8. 

77 

32 

134 

Cloudy  and  squally.     Moderate  breese,  S.  by  E. 

22 

28 

00  8. 

76 

54 

217 

Caught  SE.  trades.    Strong  breese,  E.  by  N. 

23 

25 

50  8. 

76 

20 

142 

Rough  sea,  overcast  and  squally.    Strong  breeze  from  E. 

24 

23 

38  8. 

76 

22 

132 

Cloudy  and  squally.     Moderate  breese,  SE.  by  E. 

25 

20 

47  8. 

76 

32 

172 

Passing  showers.    Moderate  SE.  breese. 

26 

10 

00  8. 

76 

17 

08 

Smooth  sea,  dear.    Light  variable  airs. 

27 

18 

18  8. 

76 

22 

51 

Smooth  sea,  passing  showers.    Gentle  breese,  SSW. 

28 

16 

22  8. 

76 

10 

176 

Partly  doudy.    Freeh  SE.  breese. 

20 

12 

18  8. 

75 

48 

186 

Partly  doudy.    Strong  breese,  SE.  by  E. 

30 

10 

06  8. 

75 

48 

131 

Partly  cloudy.    Gentle  breese.  SE.  by  E. 

31 

7 

25  8. 

75 

55 

162 

Partly  doudy.    Fresh  breese,  SSE. 

June    1 

5 

IDS. 

76 

40 

136 

Smooth  sea,  partly  doudy.    Swimg  ship.    Gentle  breese.  SSW. 

2 

2 

46  8. 

76 

16 

148 

Partly  doudy.    Moderate  SW.  breese. 

3 

0 

21  N. 

76 

10 

187 

Partly  doudy.    Moderate  breese,  WSW. 

4 

2 

06  N. 

77 

06 

116 

Confused  sea,  doudy  and  squally.    Gentle  breese.  WSW. 

5 

3 

ION. 

77 

08 

64 

Confused  sea,  doudy  and  squally.    Light  breese  from  WSW. 

6 

4 

56  N. 

77 

52 

114 

Fine  weather.    Moderate  breese,  SW.  by  W. 

7 

Colombo .  .  1 

175 

Fine  weather.    Arrived  Colombo  7  p.  m. 

1 

Total  distance:  5,870  miles.    Time  of  passage:  42.2  dayv.    Average  day's  run:  130.1  miles. 


Abstracts  of  Logs  of  the  Carnegie 
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Colombo,  Cetlon,  to  Port  Louis,  Mauritiub. 


Noon  position 

Date 

Day's 

Remarks 

Lai 

Long. 

run 

AjBV* 

E.  of  Or. 

19U 

e 

/ 

o 

/ 

miles 

July     6 

Colomho .  - 

Left  Colombo  6^  30^  d.  m.    Cloudy.    Moderate  breese.  8W 

7 

7 

12  N. 

79* 

14 

38*' 

Moderate  sea,  doudy,  squally.    Moderate  breese,  W8W. 

8 

5 

05  N. 

79 

51 

132 

Moderate  sea.    Light  breese,  8W.  by  W. 

9 

3 

45  N. 

81 

21 

127 

Moderate  sea.    Moderate  breese,  8W.  by  8. 

10 

1 

59  N. 

83 

09 

145 

Moderate  sea.    Gentle  breese,  8W.  by  8. 

11 

1 

03  N. 

84 

39 

106 

Smooth  ssa.    Gentle  breese  from  88W. 

12 

0 

57  N. 

85 

14 

36 

Smooth  sea.    Light  variable  airs. 

13 

1 

13  N. 

83 

59 

78 

Smooth  sea.    light  variable  breeses. 

14 

1 

04  N. 

84 

55 

57 

{bnooth  sea.    Light  breeae  from  SSW. 

15 

0 

29  N. 

86 

00 

74 

Smooth  sea.    Light  breese,  SW.  by  8. 

Id 

0 

07  8. 

86 

46 

59 

Smooth  sea.    Crossed  equator.    Light  breese,  SW.  by  8. 

17 

1 

37  8. 

87 

18 

95 

Long  southerly  swdl.    Light  bieeae  from  WSW. 

18 

3 

10  8. 

88 

00 

102 

Long  southerly  swell.    Calm  and  light  variable  airs. 

10 

4 

10  8. 

87 

54 

60 

Moderate  sea,  doudy,  squally.    Gentle  SE.  breese. 

20 

5 

26  8. 

87 

04 

90 

Moderate  sea,  overcast,  showers.    Calm  to  gentle  breese  from  E8E. 

21 

7 

06  8. 

86 

22 

110 

Moderate  sea.    Cloudy.    Caught  SE.  trades.     Moderate  breese  from  88E.     | 

22 

9 

22  8. 

84 

38 

171 

Moderate  sea.    Cloudy.    Strong  SE.  breese. 

23 

11 

34  8. 

82 

30 

183 

Rough  sea.    Cloudy.    Passed  tree  trunk  50  ft.  long,  6  ft.  in  diameter, 
erate  gale  blowing  from  SE.  by  8. 

Mod- 

24 

13 

16  8. 

80 

31 

155 

Roui^  sea.    Cloudy.    Moderate  SE.  gale. 

26 

16 

20  8. 

78 

43 

169 

Roui^  sea.    Moderate  gale,  SE.  by  8. 

26 

17 

17  8. 

76 

46 

155 

Rough  sea.    Moderate  SE.  gale. 

27 

18 

46  8. 

74 

30 

158 

Rough  sea.    Strong  breese  from  SE.  by  8. 

28 

20 

30  8. 

72 

05 

172 

Moderate  sea.    Moderate  breese,  8.  by  E. 

29 

21 

53  8. 

70 

04 

140 

Moderate  sea.    Fresh  breese  from  SB.  by  8. 

80 

23 

25  8. 

67 

57 

150 

Long  southeriy  swell.    Gentle  breese  from  8. 

31 

24 

08  8. 

65 

35 

137 

Smooth  sea.    Ut^i  breese  from  8.  by  E. 

Aof.     1 

25 

42  8. 

63 

42 

139 

Smooth  sea.    Gentle  SE.  breese. 

2 

25 

48  8. 

60 

56 

149 

Moderate  sea.    Moderate  breese,  ESE. 

3 

24 

36  8. 

58 

03 

172 

Moderate  sea.    Fresh  breese,  ESE. 

4 

22 

24  8. 

57 

48 

133 

Moderate  sea.    Moderate  breese  from  £. 

6 

Port  Louis. 

174 

Moderate  sea.    Arrived  at  Port  Louis,  Mauritius,  5^  35"  p.  m. 

1 

Total  distance:  3,666  miles.     Time  of  passage:  30  days.     Average  day's  run:  122.2  miles. 

Post  Louib,  Mauritius,  to  Colombo,  Crtlon. 


t9it 

o 

f 

e 

t 

miU9 

Aug.  16 

PortToiii«. 

Left  Port  Louis  4  d.  m.    Li^t  easterly  breese. 

17 

18 

29  8. 

56 

40 

ioi 

Clear.    Gentle  breeae,  8SB. 

18 

15 

50  8. 

55 

23 

175 

Plurtly  doudy.    Moderate  breeae  from  SSE. 

19 

12 

49  8. 

54 

00 

105 

Cloudy.    Fredi  breeae  fhim  SSE. 

20 

9 

25  8. 

53 

01 

214 

doudy,  rou^  sea.    Strong  breeae,  8.  by  E. 

21 

6 

37  8. 

51 

54 

180 

Cloudy.    Moderate  breeae  from  8. 

22 

5 

56  8. 

51 

25 

50 

Partly  doudy.    Gentle  breeae,  E.  by  N. 

23 

2 

57  8. 

51 

54 

182 

Pitftly  doudy.    Moderate  breese,  E.  by  8. 

24 

0 

28  8. 

52 

28 

152 

Cloudy.    Moderate  SSE.  breeae. 

25 

1 

53  N. 

53 

07 

146 

Cloudy,  smooth  sea.    Crossed  equator.    Gentle  SE.  breese. 

26 

3 

14  N. 

53 

36 

87 

Partly  oloudy.    Gentle  SW.  breeae. 

27 

4 

32  N. 

54 

37 

08 

Pitftly  doudy.    Light  breese,  8.  by  W. 

28 

7 

ION. 

54 

43 

150 

Pertly  doody.    Moderate  breese,  8 W.  by  W. 

29 

10 

17  N. 

56 

22 

211 

dear.    Roug^i  sea.    Strong  8W.  breese. 

30 

11 

13  N. 

50 

16 

180 

doudy.    Roui^  sea.    Strong  SW.  breese. 

31 

10 

50  N. 

62 

54 

215 

Pertly  doudy.    Moderate  UW.  breese. 

Sept.    1 

10 

15  N. 

65 

46 

174 

Ptetly  doudy.    Light  breeae  from  WSW. 

2 

12 

51  N. 

66 

45 

166 

Partly  doudy.    Moderate  breeae  from  W. 

3 

15 

48  N. 

67 

08 

170 

Partly  doudy.    Gentle  bieeae  from  WSW. 

4 

13 

00  N. 

60 

10 

200 

Partly  doudy.    Moderate  bsMae,  WSW. 

5 

10 

30  N. 

70 

52 

188 

Partly  eloudy.    Gentle  breese  from  WNW. 

6 

9 

12  N. 

72 

42 

132 

Partly  doudy.    Gentle  NW.  breese. 

7 

8 

13  N. 

74 

86 

127 

Ptttly  doudy.    Gentle  bteeae,  NW.  by  N. 

8 

7 

41  N. 

76 

20 

115 

Ptttly  doudy.    Smooth  sea.    Ll^t  breeae  fhmi  WNW. 

9 

7 

13  N. 

78 

18 

112 

Overeast    Smooth  sea.    Lii^t  breeae,  W.  by  S. 

10 

Col 

02 

Airhred  at  Colombo  5^  42F  a.  m. 

Total  distanoe:  3,830  miles.    Time  of  passage:  24.6  days.    Average  day's  run:  155.7  miles. 
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Ocean  Magnibtic  OBasBVATiONBi  1006-16 


Colombo,  Cbtlon,  to  Batatia,  Java. 


Noon  position 

Date 

Day's 

Remarks 

] 

Lat. 

Long. 
E.  of  Or. 

run 

1911 

o 

f 

o 

1 

wXlm 

Sept.  15 

Ck>lombo.  .1 

.  •  • . 

Left  Colombo  4^  30^  p.  m.    Gentle  bceese,  W8W. 

16 

6 

37  N. 

79' 

44 

26 

Moderate  breeae.  8W.  by  8.    Qoady.    Beating. 

17 

6 

66  N. 

82 

28 

218 

Cloudy.    Strong  SW.  Monsoon.    Bough  sea. 

18 

8 

31  N. 

83 

36 

116 

Cloudy.    Moderate  bieeae.  NW.  by  W. 

19 

10 

49  N. 

84 

27 

148 

Qoudy.    Moderate  breeae  from  WN  W. 

20 

13 

13  N. 

84 

44 

144 

Oweast,  rainy.    Strong  breese  from  W. 

21 

14 

36  N. 

86 

01 

86 

Oreroast,  rainy,  squally.    Strong  bieeae  from  WBW. 

22 

16 

63  N. 

86 

27 

81 

Overoast,  rainy,  squally.    Rou^  sea.    Ftesh  NW.  breese. 

23 

13 

18  N. 

87 

03 

181 

Cloudy,  baay.    Moderate  gale  blowing  from  SW.    Heavy  sea. 

24 

11 

43  N. 

89 

21 

166 

Cloudy.    Moderate  breese,  SW.  by  S. 

26 

10 

UN. 

91 

37 

162 

Partly  oloudy.    Light  SW.  breeae. 

26 

9 

24  N. 

93 

06 

100 

Partly  cloudy.    Long  8W.  swelL    Gentle  breese  SW.  by  S. 

27 

8 

66  N. 

94 

02 

63 

Partly  cloudy.    Smooth  sea.    Light  airs  from  WBW. 

28 

8 

19  N. 

96 

37 

101 

Partly  cloudy.    Smooth  sea.    Gentle  breese  from  S8W. 

29 

6 

38  N. 

97 

48 

163 

Partly  oloudy,  haiy.    Smooth  sea,  tide  ripe.    Gentle  westerly  breeae. 

30 

6 

30  N. 

98 

27 

40 

Partly  cloudy,  hasy.    Smooth  sea.    Light  yariable  airs. 

Oct.     1 

6 

46  N. 

99 

29 

76 

Partly  cloudy.    Smooth  ssa.    Light  breese,  NW.  by  W. 

2 

4 

13  N. 

100 

04 

100 

Cloudy.    Smooth  sea.    Lii^t  breeae,  NE.  by  E. 

3 

2 

48  N. 

101 

06 

112 

Cloudy.    Smooth  sea.    Moderate  breese  from  WNW. 

4 

2 

17  N. 

101 

34 

60 

Partly  oloudy.    Smooth  sea.    Light  aire  from  WBW. 

6 

1 

84  N. 

103 

00 

78 

Partly  oloudbr.    Smooth  sea.    Pasring  showers.    Gentle  WSW.  breese. 

6 

1 

13  N. 

103 

64 

63 

Anchored  7^  30^  p.  m.    Singapore  Strait.    Li«^t  variable  bceeaes. 

7 

1 

13  N. 

104 

01 

6 

Up  anchor  7^  30^  a.  m.    Anchored  8^  60^  p.  m.    Light  Tariable  airs. 

8 

1 

13  N. 

104 

07 

6 

Up  anchor  noon.    Anchored  2  p.  m.    Rhio  Strait. 

9 

0 

69  N. 

104 

11 

12 

Up  anchor  8  a.  m.    Anchored  11^  16^  a.  m.  Bhio  Strait.    Calm. 

10 

0 

61  N. 

104 

18 

10 

Up  anchor  6  a.  m.    Anchored  1  p.  m.    Bhio  Strait.  Calm.  Up  anchor  10  p.  m. 

11 

0 

46  N. 

104 

23 

10 

Anchored  6^  39"  a.  m.     Up  anchor  11^  19*  a.  m.     Anchored  6^  16*  p.  m. 
Light  variable  airs. 

12 

0 

44  N. 

104 

24 

12 

Up  anchor  1  p.  m.    Anchored  4^  1^  p.  m.    Light  variable  airs. 

13 

0 

41  N. 

104 

36 

2 

Up  anchor  8  a.  m.    Anchored  12^  60*  p.  m.    Up  anchor  6^  16"  p.  m.    Calm. 

14 

0 

32  N. 

104 

37 

10 

Working  out  of  Bhio  Strait 

16 

0 

07  N. 

104 

66 

31 

Anchored  9  p.  m.  off  Singa  Island.    Light  breese,  BW.  by  S. 

16 

0 

03  N. 

105 

00 

6 

At  anchor,  overhauling  engine.    Gentle  breeae  from  SSW. 

17 

0 

03  N. 

105 

00 

At  anchor,  overiiauling  engine.    Moderate  breese  from  BB  W . 

18 

0 

04  8. 

105 

08 

*   12  * 

Up  anchor  8^  40^  a.  m.    Anchored  4^  46*  p.  m.    Light  breese,  88W. 

19 

0 

06  8. 

105 

00 

9 

Anchored  o£f  Singa  Island. 

20 

0 

27  8. 

105 

05 

22 

Up  anchor  7^  30*  a.  m.    Anchored  3^  05*  p.  m.    Gentle  breese  from  W. 

21 

0 

68  8. 

104 

53 

26 

Up  anchor  7*»  15*  a.  m.   Anchored  6^  25*  p.  m.   Moderate  breese,  NW.  by  W. 

22 

1 

48  8. 

104 

55 

50 

Up  anchor  lO**  45*  a.  m.    Entered  Banka  Strait.    Moderate  breese,  N.  by  W. 

23 

3 

218. 

106 

29 

152 

Cloudy.    Passed  through  Banka  Strait.    Variable  breesee. 

24 

4 

06  8. 

106 

23 

46 

Partly  cloudy,  smooth  sea. 

25 

5 

03  8. 

106 

27 

57 

Partly  cloudy,  smooth  sea.    Light  variable  airs. 

26 

5 

18  8. 

106 

54 

29 

Partly  cloudy,  squally,  smooth  sea.    Calm  to  variable  breesee. 

27 

Bat 

'Myi&. . . 

52 

Partly  cloudy.    Arrived  Tanjong  Priok,  Batavia,  11**  55*  a.  m. 

Total  distance:  2,833  miles.    Time  of  passage:  41.8  days.    Average  day's  run:  67.8  miles. 

Batavia  to  Manila,  Philippinb  Islands. 


1911 

o 

/ 

o 

/ 

miles 

Nov.  21 
22 

Bat 
5 

Avia.  . . 

10 
7 

Left  Batavia  Beads  6**  45™  a.  m.    Anchored  11*^  30*  a.m.    Variable  airs. 

55  8. 

106 

41 

Left  anchorage  O**  08*  a.  m.    At  8  p.  m.  anchored.    Variable  airs. 

23 

5 

59  8. 

105 

56 

49 

Left  anchorage  5**  20*  a.  m.    In  8unda  Strait.    Variable  airs. 

24 

6 

43  8. 

104 

50 

00 

Cloudy,  squally.    Long  southeriy  swell.    Gentle  breese,  WNW. 

26 

8 

518. 

105 

46 

140 

Cloudy,  overcast,  heavy  rain  squalls.    Moderate  breese,  WSW. 

26 

9 

37  8. 

106 

32 

65 

Partly  cloudy.    Moderate  NW.  sweU.    light  breese,  WNW. 

27 

11 

07  8. 

106 

00 

96 

Partly  cloudy,  squally.    Light  variable  airs. 

28 

11 

54  8. 

105 

41 

51 

Partly  cloudy,  moderate  SE.  swell.    Calm  and  light  airs. 

29 

12 

38  8. 

104 

58 

60 

Overcast,  squally,  moderate  8E.  swell. 

30 

16 

40  8. 

102 

19 

238 

Partly  cloudy.    Fresh  8E.  trades. 

Deo.     1 

18 

28  8. 

99 

57 

220 

Partly  cloudy.    Fresh  8E.  trades. 

2 

20 

44  8. 

97 

09 

209 

Partly  cloudy.    Fresh  88E.  trades. 

3 

23 

16  8. 

94 

33 

208 

Cloudy.    Fresh  8E.  by  8.  tradee. 

4 

25 

50  8. 

92 

13 

200 

Cloudy.    Moderate  breese,  SSE. 

5 

28 

218. 

90 

07 

189 

Cloudy.    Gentle  breese,  SSE. 

Abstracts  op  Looa  op  ths  CABmoiB 
Batatu  to  Haniu,  FHiuFrDra  Isuin»--em«Iud«f. 


Dki* 

Noon  pcMltiMi 

D»y'> 

Ut. 

Low 

run 

E.o*Gr. 

1911 

« 

mOu 

Dm.    a 

29    28  8. 

80 

29 

74 

Pwtiy  cloudy.     ModonU  iwoU.     Calm  uid  light  ain  from  NNE. 

7 

30    47  8. 

80 

23 

79 

Pwtly  doudy.    SmooUi  mk. 

8 

33     18  8. 

80 

43 

163 

Putly  dondy,  bur,  damp.     Moderate  breeie.  N.  by  TV. 

B 

35    34  8. 

03 

33 

183 

Partly 

10 

37    23  8. 

06 

S3 

194 

Overot                                                              Long  weaterly  tw*!!. 

11 

36    018. 

07 

34 

126 

Partly                                                             t^t  ain  fron  8. 

12 

36    03  8. 

09 

39 

110 

PMtly 

13 

33    30  8. 

101 

68 

190 

Clear. 

14 

30    608. 

103 

16 

120 

Cloudj 

15 

28    388. 

104 

11 

141 

Ooody.    GMttlebiMMlnnSSW. 

16 

35    63  8. 

106 

33 

181 

Ctondy.    Strom  BSE.  tndea. 

17 

31    H8. 

100 

49 

348 

Ctoody.    Stnuic  SB.  tndea.    Rou^  SE.  aea. 

18 

IB    018. 

108 

11 

185 

Partly  elottdy,                        btMae. 

10 

17    10  8. 

108 

47 

120 

Partly  dondy.                                              ain  from  8SW. 

20 

15    6*8. 

100 

22 

84 

Partly                  □antla  brave,  BSE. 

21 

14    3S8. 

110 

39 

110 

Partly                0«atl*  bnwM,  SW.  by  8. 

33 

13    03  8. 

28 

100 

Overm                                          0«n(le  SW.  braeie. 

23 

11     32  8. 

112 

40 

131 

Partly  doudy.    0«Dtle  SW.  bnne. 

24 

ID    08  8. 

114 

00 

109 

ClMr.    Ontle  BW.  bTMM. 

3S 

8    588. 

110 

11 

143 

Partly  doody.                          Strait. 

2S 

8    OSS. 

118 

63 

70 

27 

a    418. 

110 

30 

174 

liMa.                        breM«. 

38 

5    38  8. 

130 

06 

78 

IhMk                             in.    Oeotle  breeu  SSW. 

30 

5    308. 

130 

14 

10 

Imoothna.    Calm. 

30 

6    43S. 

131 

OB 

68 

Calm. 

81 

6    48a 

133 

38 

80 

variable  ain. 

/«« 

Ju.     1 

4    438. 

133 

39 

100 

Ooody.    SiiMotli  UiroiiiJi  Butoa  PaMw. 

3 

3    40& 

133 

43 

04 

Cloudy.    Bmocrtli  wa. 

3    67S. 

134 

16 

64 

Ooady,  equally.    SoKKitbaea. 

8  04a 

134 

43 

30 

Cloudy,  ■qually.    SmoothMa. 

3    33a 

134 

S3 

S3 

Partly  doudy.    Bmootli  mu 

3  Ota 

126 

66 

88 

Partly  doudy.    Bmootb  Ma. 

8    S7a 

138 

63 

04 

OvcRMt,   rainy,   •qnaUy.     Smooth   m*.    Variable   brwaee.    la  Haiupa 
Str^t. 

8    04  8. 

137 

S5 

73 

3    37a 

137 

49 

83 

•qaaOy.    Hoavy  tide  rii«. 

10 

I  6oa 

138 

33 

63 

Partly  doudy,  aqoally  throng  Oa»>  Strait.    Moderate  N.  breoM. 

11 

I   11  a 

128 

38 

ra 

Partly  doudy.    Smooth  Ma. 

13 

0    43a 

138 

65 

88 

Partly  doudy.    BmoothM*.    Estered  Weda  Bay. 

0  01  a 

138 

SI 

48 

Partlydoudy.    Baootheea.    InWedaBay.    Light  alrt  bom  NW. 

14 

0  osa 

120 

OO 

38 

Partly  dondy.    Long  NNE.  nnn.                            8W. 

15 

0    OtN. 

130 

08 

11 

Partlydoudy.    Long  NNE.  eweU.                                 Paeaage. 

0    SON. 

130 

39 

S4 

Partlydoudy.    Long  nrdl  bom  NN 

17 

0    47  N. 

130 

21 

66 

Ooody,  equally.    VariabtobrMMr 

18 

0    49  N. 

131 

06 

44 

Partlydoudy.    U^t  brewo.  NE.  by  N. 

IS 

0    23N. 

133 

SO 

90 

Partlydoudy.    Cahn  (o  lid>t  ain  bom  NNE.    Pamig  dwwen. 

20 

0    55N. 

136 

24 

170 

Partlydoudy. 

21 

2    28N. 

137 

10 

147 

Partly  doudy.                                  NNW.                               aqudly. 

23 

3     18  N. 

138 

20 

88 

P«*  "»*»*■                                              ^.^^. 

23 

4    SON. 

187 

34 

104 

Partlydoudy.                                              a^^^g 

34 

7    OBN. 

13« 

14 

106 

Fwtly  dondy.                                  Pndi 

25 

0    07N. 

135 

00 

13S 

Partly  dondy.                                Modmt*  breeM.  NNE. 

28 

11    00  N. 

133 

47 

180 

Partly  doudy.                                 by  E. 

27 

13   UN. 

130 

81 

181 

Ftftly  dondy. 

38 

15    33  N. 

138 

31 

183 

pHtly  dondy. 

20 

17    08  N. 

130 

38 

151 

NE.brMM. 

30 

IS    33  N. 

133 

35 

193 

Strom  NE.  bteeae. 

31 

18    03  N. 

lao 

14 

308 

Feb.     1 

16     13  N. 

119 

85 

178 

bieeee.  N.  by  W. 

9 

Mmaila.... 

101 

1  to  amootb  aea.     OMtla  NE.  breme.     Anived  at 
Manila  7*46- p.  m. 

Total  diatanco:  8,391  milea.    Time  of  paaaaga:  73J  day*.    Anrm*  day'e  i«n:  113.8  mlUa. 


OcKAM  Maonxtic  Obbkbtatiomb,  1906-16 

Mjlxtla  to  Bdta,  Fui  Islands. 


Abstracts  of  Logs  of  the  Carnegie 
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Manila  to  Suva,  Fui  IsLAiwa—condtided, 


Noon  position 

Dat« 

Day's 

Remarks 

Lat. 

Long. 

run 

E.  of  Or. 

191» 

o 

/ 

o 

f 

miUi 

May  26 

14 

12  S. 

172 

26 

182 

Partly  cloudy.    Smooth  sea.    Fresh  breese  from  E. 

27 

16 

45  S. 

171 

29 

162 

Partly  cloudy.    Moderate  breese  from  E. 

28 

19 

27  8. 

170 

42 

170 

Partly  cloudy,  squally.    Moderate  breese.  E8E. 

29 

21 

20  8. 

169 

41 

128 

Qear.    8E.  trade  wind. 

30 

21 

20  8. 

170 

50 

70 

Fine  dear  weather.    lisht  airs  from  NE. 

31 

21 

36  8. 

171 

32 

44 

Overcast,  drissling  rain.    light  airs  from  N. 

June    1 

21 

48  8. 

172 

06 

34 

Partly  doudy.    Calm. 

2 

21 

47  8. 

172 

28 

21 

Partly  doudy.    Smooth  sea.    Light  airs  from  8. 

3 

21 

05  8. 

174 

39 

130 

Partly  doudy.    Smooth  sea.     Moderate  SE.  breese. 

4 

19 

05  8. 

176 

11 

148 

Cloudy,  squally.    Gentle  SE.  breese. 

5 

19 

52  8. 

176 

07 

47 

Cloudy,  squally. 

6 

19 

17  8. 

177 

42 

95 

Stood  up  through  Handavu  Passage.     Fresh  SE.  breese. 

7 

Su> 

ra 

75 

Anchored  in  Suva  Harbor  9  a.  m. 

Total  distance:  8,158  miles.    Time  of  passage:  75.1  days.     Average  day's  run:  108.6  mUe^. 


Suva,  Fui  Islands,  to  Papketb,  Tahiti. 


1919 

o 

/ 

o 

/ 

mt2ea 

June  30 

Suva 

•   •   •  • 

11^  55^  a.  m.  taken  in  tow  out  of  harbor  of  Suva.  1^  25"  p.  m.  ttigboat  cast  off. 

July     1 

18 

10  8. 

178 

45 

30 

Kept  beating  off  shore  until  midnight. 

2 

19 

15  8. 

177 

36 

102 

9*"  06"  a.  m.  Cape  Washington  7  miles  abeam.    Ftesh  SE.  breese. 

3 

21 

18  8. 

175 

40 

168 

Cloudy,  rainy.    Choppy  sea.    Fresh  breese,  ESE. 

4 

24 

07  8. 

174 

30 

181 

Overcast,  squally.    Fresh  breese  from  E. 

5 

26 

57  8. 

175 

08 

174 

Cloudy  and  squally.    F^esh  NE.  breese. 

6 

28 

55  8. 

177 

01 

142 

Overcast,  squally,  rain.    Light  SW.  breese. 

7 

29 

05  8. 

178 

42 

88 

Squally.    Partly  doudy.    Crossed  180th  meridian.    Fresh  breese  from  8. 

7 

29 

09  8. 

181 

25 

143 

11^  30**  a.  m.  Sunday  Island  sighted  ahead.    Gentle  breese  from  8. 

8 

29 

29  8. 

182 

56 

85 

Overcast    Light  breese,  WNW. 

9 

29 

54  8. 

185 

22 

149 

Overcast.    Moderate  breese  from  N. 

10 

31 

20  8. 

188 

04 

174 

Cloudy  and  squally.    Gentle  breese,  WNW. 

11 

31 

35  8. 

189 

58 

114 

Cloudy  and  squally.    Gentle  NE.  breese. 

12 

32 

10  8. 

192 

06 

133 

Partly  doudy  and  squally.    Rising  sea.    Fresh  NW.  breese. 

13 

31 

58  8. 

195 

41 

183 

Cloudy  and  squally.    Heavy  sea.    Strong  breese  from  W. 

14 

31 

29  8. 

199 

00 

174 

Partly  doudy,  squally.    Heavy  sea.    F^edi  breese,  W.  by  8. 

15 

30 

50  8. 

202 

17 

173 

Cloudy,  passing  squalls.    Rough  sea.    Fresh  breese,  WSW. 

16 

30 

08  8. 

205 

52 

191 

Cloudy  and  squally.    Moderate  SW.  breese. 

17 

30 

06  8. 

20B 

29 

135 

Partly  doudy.    Smooth  sea.    Lii^t  breese  from  S. 

18 

30 

03  8. 

209 

36 

58 

Calm;  passing  showers. 

19 

31 

49  8. 

210 

36 

118 

Heavy  rain  squalls.    Overcast    FVesh  NE.  breese. 

20 

32 

26  S. 

212 

43 

114 

Squally,  with  Uiunder  and  lightning.    Moderate  breese  from  W. 

21 

31 

34  8. 

213 

59 

84 

Partly  doudy.    Heavy  sea  fh»n  SE.    Fresh  breese,  SSE. 

22 

31 

06  8. 

215 

55 

103 

Partly  cloudy.    Moderate  breese,  SB.  by  8. 

23 

29 

518. 

218 

11 

139 

Partly  doudy.    TttAk  SB.  breese. 

24 

28 

52  8. 

221 

13 

170 

aear.    Gentle  breese,  SB.  by  S. 

25 

28 

34  8. 

223 

29 

70 

Cloudy.    Smooth  sea.    Li^t  variable  airs. 

26 

28 

06  8. 

223 

28 

57 

Partly  doudy.    Smooth  sea.    Light  breese  Crom  B. 

27 

29 

27  8. 

224 

22 

92 

Squally.    Rou^  sea.    F^esh  breese,  NB.  by  N. 

28 

30 

47  8. 

225 

43 

106 

Passing  squalls.    Rising  sea.    Gentle  NB.  breese. 

29 

31 

25  8. 

228 

10 

181 

Overcast    Heavy  sea  from  NW.    Fresh  breese  from  NNW. 

30 

31 

318. 

231 

39 

179 

Rainy.    Frash  breese  from  WNW. 

31 

32 

06  8. 

235 

29 

198 

Cloudy.    Strong  breese  from  WN  W. 

Aug.     1 

31 

32  8. 

239 

04 

188 

Partly  doudy.    Fkesh  breese,  NW.  by  W. 

2 

30 

24  8. 

242 

25 

185 

Cloudy.    Smooth  sea.    Qeotle  fateese  from  WSW. 

3 

28 

28  8. 

244 

12 

149 

dear.    Heavy  swell  firom  SW.    Gentle  breese  from  8SW. 

4 

25 

40  8. 

245 

80 

182 

Partly  doudy.    Moderate  breeae,  B.  by  N. 

5 

22 

55  8. 

245 

53 

166 

Cloudy,  squally.    BasUrly  swell.    Moderate  breeae  from  B. 

6 

20 

45  8. 

245 

56 

122 

Light  rain.    Moderate  breese,  BNB. 

7 

18 

22  8. 

245 

42 

144 

Squally.    Gentle  breese,  B.  by  N. 

8 

16 

02  8. 

245 

59 

141 

Putly  doudy.    Gentle  breese,  B.  by  N. 

9 

12 

55  8. 

246 

12 

187 

Partly  doudy.    Geotie  breese.  B.  by  N. 
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OcBAN  Maonstic  Obsbbvatiqnb,  190&-16 


SuTA,  Fui  Iblandb,  to  Papbrb,  Tabri— coneimU. 


Date 


101$ 
Ang.  10 
11 
12 
13 
14 
16 
16 
17 
18 
10 
20 
21 
22 
23 
24 
26 
20 
27 
28 


NoonpoatkMi 


Lat. 


10 
7 
6 
3 
1 
1 
2 
3 
4 
0 
7 
6 
8 
8 
8 


30 

31 

Sept  1 

2 

3 

4 

6 

6 

7 

8 

0 

10 

11 


6 

4 

3 

0 

3 

6 

8 

9 

11 

14 

16 


07a 
43& 
46  8. 
34  8. 

01  a 

03  N. 
08  N. 

04  N. 
21  N. 
01  N. 
01  N. 
60  N. 
21  N. 
27  N. 
03  N. 

7  36N. 
7  14  N. 
7  OON. 
6  17  N. 
6  87N. 
6  03N. 

16  N. 

36  N. 

00  N. 

06  8. 

16  8. 

618. 

118. 

38  8. 

68  8. 

12  8. 

218. 


E.of  Or. 


Papeete. 


246  24 

240  07 

246  42 

247  02 
247  12 
247  24 
246  22 
242  20 
237  38 
336  44 

232  61 

220  63 

227  27 
226  24 

228  64 

231  46 

233  36 

234  31 
233  24 

232  48 
230  46 
228  40 
226  20 
224  06 
222  34 

221  16 
210  60 
218  34 

216  60 

217  12 
216  21 
213  12 


Day's 


mOm 
170 
144 
128 
188 
164 
123 
137 
182 
244 
200 
182 
178 
166 
63 
160 
172 
113 
46 
84 
64 
128 
124 
146 
162 
200 
207 
170 
168 
03 
147 
173 
146 
206 


Ptttiy  doudy.    Smooth  aea.    Gentle  bfeeoe,  SNX. 
Partly  eloiidy.    Smooth  eea.    Gentle  breeae.  B.  by  N. 
Pitftly  eloudy.    Mod«ate  eea.    Gentle  bteeee  from  B. 
Ptftly  ekNidy.    Moderate  eea.    light  bweee.  B.  by  a 
Pktftly  ekmdy.    Mod«a«e  bteeee,  R.  by  N. 
Partly  ekmdy.    Smooth  eea.    Gentle  breeae^  B.  by  8. 
Clear.    Smooth  eea.    Gentle  breeee,  SSB. 
Partly  doudy.    Smooth  eea.    Moderate  breeae.  a  by  B. 
Partly  doudy.    Smooth  eea.    Moderate  bteeee  from  SSB. 
Cloudy.    Smooth  eea.    Gentle  bteeee  from  a 
Partly  eloudy.    Smooth  eea.    Moderate  bteeee  from  8. 
Partly  doudy.    SnMoth  eea.    Moderate  breeee,  a  by  B. 
Partly  doudy.    Smooth  eea.    Gentle  bteeee,  a  Iqr  B. 
Qyereaet.  equally.    Gentle  bteeee,  a  by  B. 
Partly  doudy.    Gentle  bteeae,  a  by  B. 
Partly  doudy.    Smooth  eea.    Gentle  breeee  from  8. 
Partly  doudy.    Smooth  eea.    Light  bteeee  from  a 
Ckrady.    Smooth  tea.    Gentle  breeee,  a  by  B. 
Partly  oloudy.    Smooth  eea.    Lii^t  breeee  SB.  by  a 
Partly  doudy.    Smooth  eea.    Moderate  breeee,  SB.  by  a 
Clear.    Gentle  breeae  from  SSB. 
Partly  doudy.    Smooth  eea.    Gentle  breeae  from  SSB. 
Partly  doudy.    Moderate  bteeee  from  SSB. 
Cloudy.    Moderate  SB.  bteeee 
Partly  doudy.    Moderate  breeee,  B.  by  a 
Partly  doudy.    Moderate  breeae,  from  B. 
Partly  doudy.    Smooth  eea.    Gentle  breeee,  W^ 
Partly  doudy.    Smooth  eea.    Gentle  breeee,  BSB. 
Overeaet,  eloudy  and  rain.    Gentle  bteeee,  B.  l^  a 
Partly  eloudy.    Moderate  bteeee,  BSB. 
Sifted  Tloka  Island.    Moderate  BSB.  breeee.    Partly  doudy. 
Partly  doudy.    Moderate  bteeee  from  BSB. 

At  das^id&t  sighted  Tahiti  Island.    1^  30^  i>.  m..  taken  in  tow  into  Papeete 
Harbor.    2  p.  m.,  anchored  in  Papeete  Harbor. 


Total  distance:  10,626  milee.    Time  of  passage:  74.1  days.    Average  day's  run:  142.0  miles. 

Papkste  to  Coronel  and  Talcahuano,  Chile. 


1919 

Oct.  16 

16 

17 

18 

10 

20 

21 

22 

23 

24 

26 

26 

27 

28 

20 

30 

31 

Nor.  1 

2 

3 

4 

6 

6 

7 

8 


Papeete. . 
17  38  8. 

63a 

48  8. 

47  8. 

18  8. 

16  8. 

32  8. 

16  8. 

44  8. 

60  8. 

10  8. 

64  8. 

44  8. 

14  8. 

23  8. 

30  8. 

62  8. 

10  8. 

46  8. 

10  8. 

318. 

30  8. 

37  8. 

30  8. 


18 
10 
21 
24 
26 
28 
31 
33 
34 
36 
36 
36 
37 
37 
37 
37 
38 
38 
39 
30 
30 
30 
30 


200  42 
208  40 
206  09 
203  64 

201  66 

200  64 

201  09 

202  33 

205  44 

206  64 
211  13 
213  54 
210  56 
220  48 
223  63 

226  41 

227  16 

228  20 
231  06 
234  22 
236  41 
240  66 
244  07 
247  33 


mileM 


55 

95 

155 

174 

187 

130 

138 

178 

218 

174 

112 

139 

156 

192 

150 

84 

76 

52 

135 

156 

106 

205 

147 

158 


1^  50^  p.  m.      Taken  in  tow  out  of  Papeete  Harbor. 

Partly  doudy.     Smooth  sea.    Gentle  breese,  SE.  by  £. 

Overcast,  rain.    Smooth  sea.    Gentle  breese  from  8SE. 

Partly  doudy.     Moderate  breese,  SE.  by  S. 

Partly  doudy.     Fresh  SE.  breese. 

Partly  doudy.    Moderate  breese,  E.  by  8. 

Overcast.    Gentle  breese,  E.  by  8. 

Cloudy.    Moderate  breese  from  ENE. 

Overcast.    Moderate  breese  from  NNE. 

Overcast,  squally  and  rainy.    Fresh  breese  from  NNE. 

Overcast,  foggy  and  rainy.    Gentle  breese  from  NNE. 

Overcast,  passing  showers.    Light  breese  from  W.  by  8. 

Partly  doudy.    Gentle  breese,  N.  to  W. 

Partly  doudy,  squally.    Gentle  NW.  breese. 

Partly  doudy,  long  westerly  swell.    Moderate  breeee,  NNW. 

Partly  doudy,  long  swell  from  west.    Light  breese,  W8W. 

Clear,  fine  weather.    Smooth  sea.    Light  breese,  8.  by  W. 

Clear.    light  air  from  W. 

Clear.    Light  air  from  S. 

Partly  cloudy,  squally.    Moderate  breese  from  W. 

Partly  doudy,  moderate  breese  from  W. 

Passing  showers.    Light  breese  from  8SW. 

Heavy  sea.    Strong  breese,  a  by  W. 

Squally.    Heavy  sea,  SE.  sweU.    Gentle  breeae  from  8SE. 

Overcast.    Gentle  breese  from  8.  by  £.    8E.  swell. 


Abstracts  op  Logs  op  the  Carnegie 

Fapxktk  to  Cobonkl  and  Talcahuano,  CBUJt—condudtd. 


ToUl  diatMwa:  5.531)  milM.    TtnM  of  pHH«»:  43.4  days.    Annto  day's  ran:  130.3  bo 
Talcahcamo,  Chiia,  to  Pokt  E^Ai«.Br,  Faixland  IsLAinM. 


5WS 


»idM    TteaatpiiMinlMdiy.    ATCni*dv'aia:lM.lBaM. 


OCBAN  MAOMimC  OBBHtVATIONB,   190fr-16 

POKT  ^TAIfLBT  TO  JaIOWIOWK,  Bi.  HwLMKA. 


Sin 


J9S 


ToUl  dittaiiM:  4.606  mile*.    Tirae  of  pMiage:  40.1  dsj-s.    AvcraES  d«y'i  run:  114.0  m 
Jamestown,  St.  H&lbna,  to  Bahia,  Braul. 


Total  dutanoe:  1,S31  milaa.    TiiM  of  pawaie:  14.S  dayi.    Averaca  tUr'a 


Abstracts  of  Loos  of  the  Carnegie 
Bahu,  Bmaiil.  to  JAinnowN,  Sr.  Hblina. 


Totnt  diatanoe:  4.140  milaa.    TiiaaolpuMge:  8S.Ad«ya.     AvwMtt  dtty'*  tub:  llCamilM. 
Jahbstown,  St.  Hclbna,  to  Fauiouth,  Emolamd. 


1013 

. 

. 

mOu 

July  31 

JkmMtown 

33 

14 

13  S. 

363" 

44 

136  ■ 

Pullr  doudy.    a«itl«               a.byB. 

38 

13 

03  B. 

3fiO 

S3 

170 

Pwtly  oloudy.  •m-Uy.                                  88B. 

34 

B 

34  B. 

348 

83 

aoe 

P-rtlydoudy.                                 WriUti 

36 

7 

33  8. 

345 

13 

338 

PutJydoudy. 

30 

4BS. 

343 

3S 

IBS 

PMtly  doudy.  •qtuUjr. 

37 

3 

44  8. 

341 

85 

171 

Partly  «loiid)'.    0«tle 

38 

0 

34  8. 

340 

M 

ISO 

P«tlydo«dy. 

39 

1 

31  N. 

840 

37 

lift 

30 

S 

04  N. 

339 

35 

110 

Pwtly<t«idy:    Light                      K 

81 

5 

07  N. 

338 

4B 

133 

Pmrtly  idaiuly,  nin.     li^t  fatwM  fiom  8. 

Auf.    1 

7 

OfiN. 

337 

S8 

138 

Putly  eloody.  nia.     lisht 

7 

38  N. 

338 

00 

33 

nJa.             ■.MPltaw.WBW. 

10 

00  N. 

337 

16 

14B 

W.  by  N.  I«  otim. 

10 

SON. 

337 

43 

67 

■vmrlabU              m 

10 

SON. 

336 

13 

B3 

Cloudy.    Gentle  WKW.  t«MM  to  Mfan. 

10 

48  N. 

334 

SO 

83 

Overawt    Q«Dtla  HK.  farewe. 

13 

06  N. 

333 

IB 

IX 

Putly  doudy,  eqnBlly.    Gatla  brasM  from  BNE. 

18 

SON. 

331 

SO 

188 

Pwtly  elondy.    0«nlk%bf 

IS 

40  N. 

339 

34 

17S 

Pwtly  eloady.    Mod«ta  NB.  brex. 

10 

18 

SON. 

337 

30 

Putly  okmdy.     ModMmta  bNM*  bom  ENE. 

11 

30 

SON. 

33S 

IS 

187 

Pwtly  ebmdy.    Hodenta  breeM  bom  NE  by  B.    SqiuUy. 

OoouM  MAomic  QBOBTAsan,  1906-16 


Faimoutb  to  OiMBMroBT,  LoNs  Iblaxd. 


OftO 


OcsAN  Magnetic  Obbbbvations,  1905-16 


J.  P.  Ault:  Abstbact  of  Log,  Cbuisb  III,  1914. 

Brooklyn,  New  York,  to  Hammertrst,  Norway. 


Noon  pontion 

Dftt« 

Day's 

Remarks 

Lat. 

Lone. 

run 

E.  of  Gr. 

1914 

o          / 

o 

/ 

miU9 

June    8 

Brooklyn . . 

1^  25*  p.  m.  left  Erie  Baain  in  tow.    5^  05*>  p.  m.  anebored  off  MatfafawwOr 
Point.    Head  wind  and  tide. 

9 

Matinicock 

Point 

4^  35*  p.  m.  left  anohorace.    Moderate  breeie  from  ENB. 

10 

41     03  N. 

288 

36 

102 

Discharged  pilot  at  6*"  40*  a.  m.    At  6^  35*  p.  m.  seaman 
overboard  and  drowned.    Fresh  8W.  breese. 

Boaaiiqiwt  Ml 

11 

40    34  N. 

292 

12 

168 

Light  breese  from  W.    Clear. 

12 

40    21  N. 

295 

22 

190 

Moderate  SW.  breese.    Overeast. 

13 

40    03N. 

300 

11 

220 

Fresh  SW.  breese.    Squally. 

14 

40    11  N. 

305 

07 

226 

Variable  winds.    Overcast,  rain. 

15 

39    22  N. 

307 

05 

104 

Variable  winds.    Overcast,  rain. 

16 

40    45N. 

310 

82 

180 

Fresh  breese  trcm  SW  by  8.    Cloudy. 

17 

42    44N. 

313 

10 

167 

Moderate  SW.  breese.    Cloudy,  fog. 

18 

45     13  N. 

316 

36 

210 

liresh  NW.  breese.    Cloudy. 

19 

46    07N. 

321 

30 

211 

Moderate  N  W .  breese.    Clear. 

20 

46    28N. 

324 

21 

120 

Moderate  SW.  breese.    Overcast,  rain. 

21 

48    21  N. 

328 

45 

210 

Fresh  NW.  Iweese.    Cloudy,  rain. 

22 

50    44N. 

331 

36 

181 

Moderate  breese  from  W.    Fog,  rain. 

23 

52    50  N. 

334 

53 

175 

Moderate  breese  from  W.    Cloudy. 

24 

54    58N. 

838 

16 

125 

Moderate  NW.  breese.    Cloudy. 

25 

57    ION. 

842 

11 

186 

Fresh  breese  from  W.    Cloudy. 

26 

59    48  N. 

346 

56 

217 

Moderate  breese  from  W.    Overcast,  rain. 

27 

62     16  N. 

352 

20 

217 

Fresh  breese  from  WNW.    Squally. 

28 

64    28  N. 

359 

31 

233 

Fresh  NW.  breese.    Overcast. 

29 

66    56N. 

5 

31 

209 

Fresh  N  W.  l»«ese.    Overcast,  rain,  squally. 

30 

67    45  N. 

8 

03 

76 

Variable  winds.    Overcast,  cloudy. 

July     1 

70    18  N. 

13 

00 

186 

Fresh  breese  from  SSW.    Squally,  rain. 

2 

71    01  N. 

18 

46 

122 

Strong  SW.  breese  to  gale.    Squally. 

3 

xianinicrfes 

t  .  . . . 

117 

Anchored  at  Hammerfest  1  a.  m. 

Total  distance:  4,152  miles.    Time  of  passage:  24.5  dasrs.     Average  day's  run:  160 JS  miles. 

Hammerfest,  Norway,  to  Reykjavik,  Iceland. 


1914 

o 

t 

o 

/ 

mile$ 

July  25 
26 

Hammerfest  .  .  .  . 

At  3^  12™  p.  m.  left  HammerfeBt  under  own  power.     Swung  ship  in  outer  bav.    1 

72 

16  N. 

21 

20 

100 

Moderate  breese  from  N£.  by  N.    Overcast. 

27 

73 

29  N. 

16 

02 

119 

Moderate  NE.  breese  to  calm.    Overcast. 

28 

73 

28  N. 

16 

01 

1 

Calm.    Overcast. 

29 

73 

52  N. 

16 

03 

24 

Light  airs  from  NNW.     Overcast. 

30 

74 

30  N. 

16 

55 

41 

Light  airs.    Overcast. 

31 

75 

18  N. 

16 

10 

49 

Light  winds.    Cloudy,  overcast.    Sighted  growlers. 

AUK.      1 

76 

40  N. 

13 

49 

89 

Ice  pack  sighted,  1  a.  m.    Gentle  SW.  breese.    Overcast. 

2 

78 

24  N. 

8 

47 

123 

Light  to  strong  wind  from  SSW.     Misty,  overcast. 

3 

79 

47  N. 

8 

54 

83 

Strong  SW.  winds.     Rain,  fog,  mist. 

4 

79 

19  N. 

8 

49 

28 

Strong  winds  from  S.     Cloudy.    Engine  running. 

5 

79 

05  N. 

10 

19 

22 

Strong  winds  from  S.    Overcast,  fog.     Engine  running. 

6 

78 

29  N. 

9 

30 

37 

Moderate  variable  breeses.     Fog. 

7 

77 

13  N. 

4 

48 

97 

Moderate  variable  breeses  to  calm.    Overcast.     Swung  ship. 

8 

76 

29  N. 

3 

13 

48 

Moderate  breeze  from  NNE.     Cloudy,  overcast. 

0 

74 

48  N. 

0 

10 

111 

Moderate  variable  breeses.    Overcast,  rain,  fog. 

10 

72 

03  N. 

356 

20 

176 

Moderate  breeze  from  NE.  by  E.     Rain,  fog,  mist. 

11 

71 

11  N. 

355 

12 

56 

Light  to  moderate  NE.  breeze.     Fog,  rain. 

12 

69 

05  N. 

353 

15 

132 

Variable  breeses.    Overcast. 

13 

66 

65  N. 

353 

31 

130 

Variable  breeses.    Overcast,  mist. 

14 

66 

46  N. 

353 

19 

10 

Moderate  breese  from  WSW.     Fog. 

15 

65 

28  N. 

355 

20 

92 

Moderate  breese  from  WSW.    Overcast,  fog. 

16 

65 

51  N. 

353 

44 

57 

Moderate  breese  from  W.     Overcast,  fog. 

17 

64 

47  N. 

353 

44 

64 

Moderate,  variable  breezes.    Overcast,  fog. 

18 

65 

04  N. 

351 

22 

62 

Variable  breeses.     Fog,  overcast. 

10 

64 

11  N. 

351 

04 

54 

Calm  to  light  variable  breeses.    Overcast,  cloudy. 

20 

63 

57  N. 

348 

56 

58 

light  SE.  breese.    Cloudy. 

21 

63 

23  N. 

345 

16 

103 

Light  variable  breeses.    Cloudy,  overcast. 

22 

62 

69  N. 

341 

14 

112 

Strong  wind  from  ESE.    Cloudy,  overcast,  squalls. 

23 

63 

45  N. 

337 

11 

118 

Variable  breeses.    Cloudy.    Tacking  off  coast  of  Iceland. 

24 

Reykjavik. 

29 

Light  breese  from  ENE.    Overcast,  cloudy.    At  2^  40^  p.  m. 

andioced. 

Total  distance:  2,225  miles.    Time  of  passage:  30  days.    Average  day's  run:  74u2  miles. 


(^  C 


■it. 


h 

r  ' 
I 


\i^ 


k 

- 

.  .1 

t 

1 

■) 

•  ■                     * 

*  ^ 

1 
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349 


Rbtkjatik,  Icbland,  to  Qhbbnpobt,  New  Yobk. 


Dmtm 

Noon  poation 

Day's 
nm 

Remark! 

L»t. 

Long. 
E.  of  Gr. 

1914 

Sept.  13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

Oct.     1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12» 

o          t 

Rflykjavik. 

62  42  N. 

60  33N. 
68    20N. 
68     11  N. 
68    03N. 

67  66  N. 

68  34N. 
66    60N. 
64    37N. 

63  60N. 
62    49  N. 

61  39  N. 
61     17  N. 
49    61  N. 
48    66N. 
47    04  N. 
47    00  N. 
46    18  N. 
46    09N. 
43    46N. 
43     ION. 
42    62  N. 
42    36N. 
41    36  N. 
41    30  N. 
40    68N. 

40  49  N. 

41  08  N. 
Greeoport. 

o          / 

milet 

At  1*"  46"  p.  m.  left  Reykjavik,    flqiially. 

Strong  wind  from  N.  by  W.    Rough  sea.    Squalls. 

Freah  NE.  breese.    Cloudy,  ahowers. 

Freeh  NE.  breese.     Moderating  tea,  cloudy. 

light  to  moderate  breeie  from  ENE.    Cloudy. 

Moderate  breese  from  ESE.    Cloudy. 

Moderate  E.  breese.    Cloudy,  misty. 

Moderate  breese  from  NNE.    Cloudy,  rain. 

Moderate  to  light  variable  breeses.    Cloudy. 

Light  variable  breesea.    Cloudy. 

Fresh  to  Ught  westerly  breeses.    Cloudy,  fog,  lain. 

Li^t  NE.  breese.    Cloudy,  overoast. 

Light  to  moderate  8W.  breese.    Fog,  rain. 

Light  to  moderate  variable  breeses.    Fog,  mist. 

Moderate  westerly  breese  to  gale.    Misty,  dear. 

Gale  to  light  northerly  breeses.    Clear. 

Moderate  breese  from  88E.    Overeast,  rain,  dear. 

Ftesh  variable  winds.    Cloudy,  rain. 

Variable  winds.    Squalls,  obudy. 

Ftesh  variable  winds.    Overoast,  rain. 

Moderate  NNW.  breese.    Clear,  doudy. 

Moderate  NNE.  breese.    Qear. 

Light  to  moderate  SW.  breese.    Clear. 

Moderate  to  strong  breese  from  NNE.    Overcast,  dear. 

Moderate  to  Ught  variable  breeses.    Cloudy,  dear. 

333     10 
328    68 
323    21 
319    30 
316    28 
310    22 
306    00 

306  19 

307  31 
309    02 

309  62 

310  24 
312     13 

311  38 

312  36 
311     22 
309     12 
309    06 
307    18 
303    07 
302    47 
299    47 
297    24 
293    48 
293     16 
291     62 
290    28 
287    67 

164 

176 

216 

122 

128 

163 

140 

177 

83 

71 

68 

73 

72 

89 

68 

123 

89 

42 

104 

197 

68 

89 

107 

171 

26 

71 

66 

116 

16 

Gentle  breese  to  Ught  air  from  W8W.    Clear. 
Light  variable  air.    Fog. 

Light  to  moderate  breese  from  S.    Fog  followed  by  dear  weather. 
8^  16^  a.  m.  andiored  off  Gardiners  Island.    Head  wind. 
8^  30^  a.  m.  left  anohorage  and  proeeeded  under  engine-power  to  Greenport. 
1^  12P  p.  m.  andiored  in  Greenport  Harbor.    Haul  wind. 

Total  distance:  3,092  miles.    Time  of  passage:  29  days.    Average  day's  run:  106.6  miles. 

'After  swinging  ship  and  making  final  observations,  the  Carneoi$  left  Gardiners  Bay  under  her  own  power  at  11^  16**  a.m. 
October  21,  arriving  at  Brooklyn  4  p.m.  of  same  day. 


Summary  of  Pas$ages  for  Cruise  III  of  the  Carnegie. 

Tablb  69. 


Passage 

Length  of 
peesage 

Time  of 
passage 

Average 
day's  run 

Brooklyn  to  Hammerfest 

Hammerfest  to  Reykjavik 

Reykjavik  to  Greenport 

mi7e< 

4,162 

2,226 

3,092 

91 

day$ 
24.6 
30.0 
29.0 
0.2 

mUe9 

170 

74 

107 

•   •   • 

Length  of  Cruise  III:  9,660  miles.    Time  at  sea:  83.7  days.     Average  day's  run:  114  miles. 


Octah  MACOtBTic  Qbsbstxtiomb,  1906-16 

J.  p.  Aqut:  Amtuct  or  Log,  Cbviu  IV,  101M016. 
BaooKLTw  TO  Ohak,  Pahaiu. 


Bawoa,  Canal  Zom,  to  Homoloui. 


tui 

.       , 

.        , 

mOm 

Aiff.  13 
IS 

BalbM. . . . 

AtlOA.m.liftBalboA. 

caw. 

•    SON. 

mii' 

"in" 

S    33N. 

379    44 

69 

Udit 

S    S0N. 

379    33 

93 

Liiht                                         6mm  Mp. 

3    SON. 

378    OB 

110 

U^tbTMM.    PKtlr  oloudy. 

3    OBN. 

370     18 

114 

3    SON. 

37S    44 

1S6 

3     ION. 

371    M 

111 

30 

3     ION. 

200    83 

HI 

OMtlabiMH. 

21 

3    5SN. 

307    14 

147 

GtndebieeM. 

33 

S    42N. 

304    86 

106 

G«nti«fan«M.    Cloudy.    Sbow«n. 

38 

4    6ftN. 

208    63 

86 

Udit  vuiabla  wiixk.    Cloudy,  wquaUy. 

34 

4    38N. 

303    66 

37 

Ui^twinda.    Partly  oUmdjr. 

3S 

3    40  N. 

304    40 

69 

U^tTUiablvwindiL    Partly  doudy. 

30 

4     ISN. 

203    88 

07 

U^tbnaM.    Ckrady,  •dually. 

37 

4    67  N. 

303     11 

97 

Gmde  to  IWkt  bnaae.    PaMing  Aowva. 

38 

0    37N. 

201     17 

106 

G«ntia 

30 

8     13  N. 

200    39 

113 

OMttla                                          yolMidy. 

30 

6    2BN. 

369    47 

64 

Mat    1 

8    30N. 

367    60 

110 

3 

B    61  N. 

266    83 

107 

s 

10    le  N. 

ZS3    36 

lOB 

4 

10    3SN. 

360     14 

IBB 

Moderate  breeM.                  loody. 

s 

1!     08  N. 

247    40 

160 

Moderate  braaM.                loudy, 

e 

tl     63  N. 

344    63 

170 

Moderate  breeae. 

7 

18    46  N. 

241     66 

183 

^! 

8 

13    38  N. 

238     17 

103 

■howen. 

B 

14    43  N. 

336    68 

303 

10 

IB    SON. 

233    40 

IBS 

Partly  doudy. 

11 

10    4a  N. 

330    00 

104 

Moderate  bceeaa.    Sbowen. 

13 

17    38  N. 

337    10 

m 

Moderate  breeM.    dmidy,  ibowan. 

13 

IB     ION. 

334    03 

184 

FraAbreaae.    Partly  eloudy. 

Abbtr&cts  of  Loos  of  thb  CAsifEom 
Balboa,  Canal  Zom,  to  Honolulti— emdudvd. 


Total  dutanee:  S.303  miln.    Time  of  pwnss;  39  daya.    Avenge  day'*  nm;  130.0  m 
HoHOLULO  TO  Dutch  Uabbob,  Alabea. 


Total  dirtMioe:  2,330  milee.    Time  of  panai*:  tO-B  daya.    Averan  d«y'a  nii 
DcTcH  Habbob  to  Port  LmsLTON,  New  Zealand. 


OcBAN  Magnetic  Obsbbvationb,  190&-16 

Ddtcb  Habbok  to  Post  Lrmuroii,  New  Zbal&nd— cvmIimM. 


NOO&IMMiaOD 

0«M 

Dwt 

RemMfci 

Ut. 

LODI. 

E.  of  Or. 

lilt 

~I~ 

""; 

mOM 

8«pt.    J 

30 

OON 

.     171 

11 

107 

Pwtlydondy.    0«itl«  brasH.    Sniootfa  lea. 

3« 

08N 

170 

42 

63 

PwUydoady.    U<ht  un.    SnoothtM. 

28 

31  N 

170 

10 

65 

20 

ION 

.      160 

01 

145 

Cloudy.    FTMhbiMM. 

33 

36N 

.      107 

18 

234 

BvuHr.                       1 

20 

32N 

167 

00 

134 

Bqu.Uy,n                                                    i.!..     E^rywwM 

21 

38N 

.      109 

30 

142 

Sqiudly,  ntln.                             i««itla  brwa.     Hekvy  airall. 

31 

10  N 

100 

30 

14 

Cloudy.                     SMS 

31 

01  N 

.      108 

35 

65 

Clondy.    BoMdmed.     Modente  sw>ll. 

ID 

20 

39  N 

.      108 

14 

30 

aoudy.     tight  tin.     Long  •wdl. 

U 

19 

seN 

107 

24 

64 

Partly  rioDdy.    Gentlo  brMsa. 

12 

16 

62  N 

166 

10 

89 

C1(»r.    GonUel                              V»ke  Iilmnd. 

13 

17 

DON 

.      166 

20 

122 

Partly  oloudy. 

14 

15 

18  N 

168 

22 

103 

Owt»t,niii. 

IS 

14 

IBM 

164 

58 

67 

Cloudy,  ■qtuOly.     Light  Mr*. 

16 

13 

62  N 

160 

06 

70 

Ooody.    F^Mh  wind  to  oalm. 

17 

13 

35N 

.      166 

19 

33 

IS 

13 

ION 

.      164 

40 

134 

10 

17  N 

104 

21 

60 

Claar.    Light          VStSfAi 

30 

10 

13  N 

164 

OS 

60 

Partly  douoy.                                Smooth  tott- 

21 

8 

MM 

163 

43 

81 

Omt.     Modarata  braoHi. 

22 

8 

03N 

.      103 

45 

63 

Bqually,  oraraaat.     Modtnts  breew. 

33 

7 

GIN 

164 

16 

60 

Partly  doudy.    0«atle  braeM.     Smooth  tea. 

34 

S 

23N 

164 

48 

105 

Partly                                    ..    Smooth  aM. 

25 

4 

18  N 

104 

07 

7« 

ClMT. 

30 

3 

58^ 

164 

01 

21 

Light! 

27 

3 

4DN 

163 

68 

18 

Cloudy.     Calm 

28 

a 

23N 

.      108 

10 

61 

Partly  doudy. 

29 

3 

07> 

.      162 

13 

60 

30 

3 

33^ 

101 

46 

62 

Light  sir.    Smooth  na.    Thunder. 

Oat.      1 

«7^ 

.      lOO 

44 

67 

2 

0 

2S^ 

160 

00 

103 

Clear.     Modertte  br««a«. 

3 

3 

06B 

160 

01 

161 

Partly  doody.     Frah  brave.    BE.  iweU. 

4 

13  a 

161 

16 

147 

Partly  doudy.     Modenta  bmoe.    SE.  >weU. 

6 

5 

07S 

103 

10 

81 

Bqoally,  rain.     8E.  cireU. 

0 

5 

48S 

163 

33 

60 

aoudy.     Light                         aea. 

7 

S 

218 

164 

04 

40 

SquaUy.rain.                   i^^islf,    Smooth  ■«•. 

7 

41  B 

163 

22 

90 

Pnrtly  cloudy.    Gentle  br«ete.    Sighted  Stewart  I.  from  upper  topaail  yard. 

0 

9 

2»8 

162 

63 

111 

10 

10 

23  8 

162 

51 

65 

Squally.     Thunder  and  lightning  ia  the  morning.     S«n  Crirtoval  and  0« 

Riki  Island*  fdfthtAd. 

II 

43  8 

162 

12 

89 

Partly  cloudy.     Fresh  hreeie. 

12 

12 

52  8 

160 

63 

104 

13 

13 

58  S 

159 

66 

86 

Partly  clondy.     Moderate  breeie  and  calm. 

14 

IB 

22  8 

168 

32 

100 

Partly  cloudy.     Fresh  breeio. 

15 

19 

298 

157 

45 

192 

Partly  doudy.     Freih  breeie. 

16 

21 

42  8 

157 

27 

134 

Clear.                              Smooth  wa. 

22 

208 

167 

00 

46 

Partly                            breeie. 

IS 

23 

368 

167 

08 

76 

aear.                                    breeie. 

19 

24 

238 

156 

34 

56 

bieeie. 

20 

26 

098 

156 

24 

127 

Partly  doudy.     Moderate  breeie. 

21 

28 

048 

154 

37 

123 

aear.    Gentle  breeiB.     Smooth  eea. 

22 

30 

10  s 

155 

36 

135 

Partly  doudy.     Freeh  breeie. 

23 

33 

088 

157 

26 

203 

Cloudy.    Strong  breeie.     Rough  nea. 

24 

36 

368 

168 

26 

16S 

Cloudy,  Tsrisbls  wind*.     Choppy  tea. 

25 

36 

218 

169 

59 

88 

Cloudy.     Variable  winds  and  calm. 

20 

37 

12  8 

161 

26 

86 

Partly  doudy.      Moderate  breeie. 

27 

258 

162 

00 

78 

28 

39 

16  8 

162 

08 

51 

Portly  cloudy.     Light  air  to  moderate  breeie. 

29 

508 

162 

43 

167 

Overcast,  rain.     Fresh 

30 

44 

513 

164 

18 

193 

aoudy. 

31 

46 

358 

167 

68 

165 

Nov.    1 

46 

16  8 

170 

22 

102 

Overcast,  gentle  breeie.  imooUi  aea. 

2 

44 

44fi 

172 

42 

134 

Partly  cloudy.     GenUe  breeie. 

3 

LyttelWr 

66 

At  1*  30"  a.  m.  alongside  of  dodt,  Lyttelton  Harbor. 



Total  distance:  8.866  milee.    Time  of  pssaage:  89  days.     Average  day's  run:  00.0  nilee. 


Abstracts  of  Logs  ok  the  Carnegie 
PoBT  LTTm^TON  TO  South  Gboboia  and  to  Port  Ltttblton. 


OouN  MAamnc  OBsmtTAnom,  1006-16 
Pon  LirnmoR  tq  South  Osobva  ahv  to  Pon  Lrmiaoii—midmdtd. 


UdkUnoe:  17,081  miUa.    Tirna  of  pMMce:  118  day*.    Aytnte  daj'm  tvn:  144.8  ni 
Pon  LimLTON  to  Paoo  Paqo,  Samoa. 


Abstbactb  or  Loos  or  thii  Cabnbgik 

Fdbt  LTmuioK  TO  Paoo  Paoo,  SjlMOa — emdudid. 


>I  dirtum:  3.S(W  mOw.    Hbm  of  pUMfi:  33  days.    Anne*  dv'anm:  118.0  milM. 
Faoo  Paoo  to  Pokt  Amu,  Ooak. 


ToUl  dirtMioe:  3,B87  milw.    "^t f  1 f  *"  "  '''1"     Annceday'tnw:  IM-CmilM. 

Pokt  Atma,  Otuh,  to  Sax  Fkanouoo. 
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OcBAN  MAOMsnc  Obsbbvations,  190&-16 


PoBT  Apra,  Guam,  to  8ak  Francisco— «meliiiie(f. 


Noon  position 

Date 

Day*! 

Rfltnarln 

. 

Lat 

Long. 

run 

LMiv. 

E.  of  Gr. 

IBIS 

o 

/ 

e 

# 

Wnlwm 

Aug.  14 

27 

03  N. 

144 

25 

206 

Fradi  braoM.    SSW.  iweli.    Cloudy. 

15 

30 

08  N. 

143 

50 

185 

Strong  to  light  breesa.    Oraroaat. 

16 

30 

18  N. 

144 

20 

20 

Calm  to  gentle  breese.    Cloudy. 

17 

31 

58  N. 

143 

40 

106 

Moderate  breeie.    Overoatt,  driialing. 

18 

34 

14  N. 

146 

09 

185 

Strong  breeie.    Kgh  tea.    Rain. 

19 

86 

26  N. 

150 

80 

251 

Strong  breeae.    Squally,  rain. 

20 

38 

88  N. 

154 

05 

215 

Moderate  breeae.    Overcast,  drisaling. 

21 

40 

29  N. 

156 

39 

162 

(Gentle  breese.    Westerly  swell.    Overcast. 

22 

42 

51  N. 

158 

26 

134 

Moderate  breese.    Overcast. 

28 

44 

57  N. 

159 

20 

182 

Gentle  breeie.    Smooth  sea.    Partly  cloudy. 

24 

46 

24  N. 

160 

26 

99 

light  air.    Smooth  sea.    Overcast. 

25 

46 

56  N. 

168 

06 

118 

light  breese.    Smooth  sea.    Cloudy. 

26 

47 

08  N. 

165 

22 

93 

Swinging  ship  under  engine  power  for  H  and  I. 

27 

47 

16  N. 

167 

49 

100 

Swinging  ship  for  D,  5  headUigs  1  helm. 

28 

47 

25  N. 

169 

08 

54 

light  breese.    Partibr  doudy.    Under  engine  power. 

29 

47 

89  N. 

171 

22 

92 

Gentle  breeae.    Overcast,  rain. 

80 

48 

20  N. 

175 

20 

164 

Fresh  breese.    Overcast.    Crossed  180th  meridian. 

80 

48 

55  N. 

180 

04 

191 

Gentle  breese.    SW.  sweU.    Misty  and  foggy. 

31 

49 

SON. 

182 

20 

95 

light  breese.    Smooth  sea.    Overcast. 

Sept    1 

49 

58  N. 

184 

16 

78 

light  breese.    Smooth  sea.    Overcast 

2 

50 

59  N. 

187 

28 

139 

Moderate  breese.    Overcast,  rain. 

3 

51 

81  N. 

192 

02 

174 

Fredi  breese.    Hii^sea.    Overcast,  misty. 

4 

51 

57  N. 

196 

07 

154 

lil^t  breese.     WNW.  sweU.    Overcast. 

5 

52 

88  N. 

199 

25 

128 

Moderate  breese.    Overcast. 

6 

58 

16  N. 

204 

16 

180 

Moderate  breese.    Overcast,  dnasling. 

7 

52 

55  N. 

208 

32 

155 

Gentle  breese.    Smooth  sea.    Misty,  drissling. 

8 

51 

48  N. 

212 

24 

157 

Strong  breese.    High  sea.    Misty,  foggy. 

0 

49 

83  N. 

215 

51 

187 

Moderate  breeae.    Foggy. 

10 

47 

14  N. 

218 

44 

179 

Moderate  breese.    Foggy. 

11 

45 

SON. 

220 

86 

130 

Moderate  breese.    Fbggy,  misty. 

12 

48 

21  N. 

221 

48 

134 

Moderate  breese.    Overcast 

18 

41 

18  N. 

221 

44 

123 

Moderate  breese.    Overcast 

14 

40 

56  N. 

221 

46 

23 

light  air  and  calm.    Overcast 

15 

40 

47  N. 

221 

58 

12 

Calm  to  gentle  breese.    Overcast 

16 

40 

40  N. 

224 

54 

134 

Moderate  breeae.    Overcast 

17 

40 

08  N. 

228 

50 

182 

Moderate  breese.    Overcast. 

18 

39 

28  N. 

230 

44 

97 

Fresh  breese.    Overcast 

19 

38 

37  N. 

234 

09 

165 

Moderate  breese.    Overcast. 

20 

38 

17  N. 

235 

31 

67 

Light  air.    Smooth  sea.    Foggy,  misty. 

21 

San  Francie 

oo. ... 

109 

Anchored  at  Quarantine,  San  Francisco,  at  11^  30^  a.  m. 

•  •  •  • 

Total  distance:  5,037  miles.    Time  of  passage:  45.9  days.    Average  day's  run:  129.3  miles. 


Summary  of  Passages  for  Cruise  IV  of  the  Carnegie  as  far  as  San  Francisco,  September  tl,  1916, 

Table  70. 


Passage 

Length  of 
passage 

Time  of 
passage 

Average 
day's  run 

Brooklvn  to  Colon 

miles 

2,487 

42 

5,303 

2,326 

8,865 

17,084 

2,595 

3.987 

5,937 

dayt 

16.4 

0.5 

39.0 

16.9 

89.0 

118.0 

22.0 

27.2 

45.9 

milsf 
152 

Colon  to  Balboa 

Balboa  to  Honolulu 

136 
138 
100 
145 
118 
147 
129 

Honolulu  to  Dutch  Harbor 

Dutch  Harbor  to  Port  Lyttelton. . 
Port  Lyttelton  to  Port  Lyttelton . . . 

Port  Lyttelton  to  Pago  Pago 

Paso  Paao  to  Guam 

Guam  to  San  Francisco 

Length  of  Cruise  IV  as  far  as  San  Francisco:  48,626  miles.    Time  at  sea:  374.9  days.    Average  day's  run:  130  miles. 


Auxiliary  Observations  on  thb  Carnegie 

Final  Summary  far  Cruises  af  the  Carnegie,  1909-1916  {September  21), 

Tablk  71. 
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Cniiie 

Length  of 

Time  of 

AvpTage 

pAamce 

paasage 

day'irun 

mUf 

davB 

miU9 

I.  100^10 

9,600 

96 

100 

II.  1910-13 

92,829 

798 

116 

III.  1914      

9,600 

84 

114 

IV,  1916-16 

48,626 

376 

130 

Total  length  of  oniiMe  1909  to  September  21, 1916: 160,616  miles. 
Total  timeataea:  1,363  days.   Average  day's  run:  llOmilee. 

The  total  number  of  days  the  Carnegie  was  in  commission  from  September  1,  1009, 
to  September  21, 1916,  counting  out  the  periods  February  18  to  Jime  19, 1910,  December  20, 
1913,  to  Jime  7,  1914,  and  October  22,  1914,  to  March  5,  1915,  when  the  vessel  was  at 
Brooklyn,  is  2,151  days.  Since  1,353  days  were  spent  at  sea,  the  remaining  days,  798, 
are  to  be  ascribed  to  the  time  consumed  at  ports  in  shore  observations  and  comparisons 
of  instruments,  computations,  repairs,  and  outfitting. 

AUXILIARY  OBSERVATIONS  ON  THE  CARNEGIE. 

In  addition  to  observations  in  terrestrial  magnetism,  the  scientific  work  aboard  the 
Carnegie^  as  far  as  time  and  conditions  permitted,  included  atmospheric  electricity.  An 
account  of  this  work  will  be  foimd  in  the  special  report  on  results  in  atmospheric  eleo- 
tricity  (see  pp.  361-422). 

Furthermore,  observations  were  made  regularly  to  determine  the  amount  of  atmos- 
pheric refraction  by  measuring  the  dip  of  the  horizon  with  the  dip-of-horizon  measurer 
(Kimmtiefenmesser),  by  Carl  Zeiss  of  Jena.  A  future  special  report  will  deal  with  this 
subject. 

Meteorological  observations  were  made  to  the  following  extent:  Every  4  hours  at  sea, 
the  wind  direction  and  force  were  noted.  At  the  same  time,  temperatures  of  the  sea- 
surface  and  the  air  were  recorded  and  readings  of  the  wet-bulb  thermometer  were  taken. 
In  addition  to  these  usual  meteorological  notes,  special  observations  were  made  at  Green- 
wich mean  noon  according  to  the  forms  prepared  by  the  United  States  Weather  Bureau  for 
observations  at  sea.  The  ship's  aneroids  were  controlled,  from  time  to  time,  by  special 
boiling-point  observations  at  sea  and  by  port  comparisons  with  standard  barometers,  when- 
ever opportunity  afforded.  B^inning  at  Dutch  Harbor,  Alaska,  special  attention  was 
also  paid  to  occurrences  of  thimder  at  sea  (see  pp.  325  and  326). 

The  Greenwich  mean  noon  observations,  together  with  notes  on  more  or  less  closely 
allied  phenomena  (storms,  polar  lights,  imusual  meteorological  events,  etc.),  were  regularly 
transmitted  to  the  United  States  Weather  Bureau  for  discussion  along  with  the  ocean  data 
received  by  that  Bureau  from  other  sources. 

SPECIAL  INVESTIGATIONS. 

Numerous  investigations  have  been  made  with  reference  to  various  matters  which 
have  come  up,  from  time  to  time,  in  connection  with  the  many  interesting  problems  pre- 
sented in  the  course  of  the  scientific  work  on  the  Galilee  and  the  Carnegie.  Some  of  these 
have  already  been  fully  treated  in  various  sections  of  this  volume.  Others,  for  lack  of 
time  and  space,  have  only  been  referred  to.  Still  others  could  receive  no  mention  at  all. 
It  is  hoped  that  there  will  be  opportunity  to  g^ve  in  detail  some  of  the  additional  investiga- 
tions in  future  volumes.  Our  first  endeavor  has  been  to  give  the  main  results  of  the 
ocean  work  to  date. 


STATUS  OF  THE  GENERAL  MAGNETIC  SURVEY  OF  OCEAN  AREAS. 

On  Plate  20,  the  cruises  of  the  Galilee,  1905-1908,  and  the  Carnegie,  1909-1916 
(September),  are  shown,  the  former  by  black  lines  and  the  latter  by  red  ones.  The  red 
dots  indicate  the  land  magnetic  stations  (about  3,500)  established  by  the  Department  of 
Terrestrial  Magnetism  from  1905  to  October  1916;  they  are  distributed  over  115  different 
countries  and  island  groups,  being  located  especially  in  re^ons  where  no  magnetic 
results,  or  but  an  insufficient  number,  had  been  obtained  previously.  The  red  dots  in 
Hudson  Strait  and  Hudson  Bay  represent  the  points  at  which  magnetic  observations  were 
obtained  by  the  Department  in  1914  on  the  chartered  gasoline  schooner,  the  Oearge  B.  Cluett. 

The  directions  in  which  the  various  passages  were  made  are  indicated  by  arrow-heads. 
The  Arabic  numbers,  1,  2,  and  3,  designate,  respectively,  the  three  cruises  of  the  Galilee 
(August  1905  to  May  1908);  the  Roman  numbers,  I,  II,  III,  and  IV,  refer  to  the  four 
cruises  of  the  Carnegie  carried  out  from  August  1909  to  Sept^ber  1916.  Plate  20  thus 
shows  the  status  of  the  general  magnetic  survey  of  ocean  areas  as  represented  by  the 
cruises  of  the  two  vessels,  the  Galilee  and  the  Carnegie,  from  August  1905  to  Septembw 
1916. 

Table  72.'Summary  of  the  Ocean  Afagnetic  Work  of  the  Galilee  and  the  Carnegie,  1906-1916  {September). 


Vessd  and  Cruise 

Number 

No.  of  obs'd  values 

Average  time  interval 

Average  distance  apart 

Days 

Miles 

Decl'n 

Incl'n 

Hor. 
Int. 

Decrn 

Incl'n 

Hor. 
Int. 

Decl'n 

Incl'n 

Hor. 
Int. 

Oalilee,  Cruise  I.  1905 

92 
168 
334 

10,571 
16,286 
36,977 

74 

95 

156 

58 

88 

169 

59 

91 

171 

daye 
1.2 
1.8 
2.1 

daye 
1.6 
1.9 
2.0 

daye 
1.6 
1.8 
2.0 

milee 
143 
171 
237 

milea 
182 
185 
219 

mtUe 
170 
170 
216 

Galilee,  Cruise  II,  1906 

Galilee,  Cruise  III.  1906-08 

Totals  for  Galilee 

594 

63,834 

325 

315 

321 

1.8 

1.9 

1.9 

196 

203 

100 

Carnegie,  Cruise  I,  1909-10 

Carnegie,  Cruise  II,  1910-13 

Carnegie,  Cruise  III,  1914 

Carnegie,  Cruise  IV,  1915-16 

Totals  for  Carneoie 

96 
798 

84 
375 

9,600 
02,829 

9,560 
48,626 

98 
858 
108 
665 

68 
648 

81 
369 

69 
643 

80 
368 

1.0 
0.9 
0.8 
0.6 

1.4 
1.2 
1.0 
1.0 

1.4 
1.2 
1.0 
1.0 

98 

108 

89 

73 

141 
143 
118 
132 

lao 

144 
110 
132 

1,353 

160,015 

1,729 

1,166 

1,160 

0.8 

1.2 

1.2 

93 

138 

138 

Totals  for  Galilee  and  Carnegie 

1,947 

224,449 

2,054 

1,481 

1,481 

0.9 

1.3 

1.3 

109 

152 

152 

Table  72  shows  for  each  cruise  of  the  Galilee  and  of  the  Carnegie  the  number  of  days 
at  sea/  the  length  of  the  cruise  in  nautical  miles,  and  the  number  of  observed  values  of  the 
magnetic  declination,  inclination,  and  intensity  of  the  Earth's  magnetic  field.  The  subse- 
quent columns  give  the  average  time-intervals,  as  well  as  the  average  distances  apart, 
between  the  observations.  The  entries  in  the  bottom  row  of  the  table  summarize  the  work 
of  the  two  vessels  from  August  1905  to  September  1916.  It  will  be  seen  that  the  aggre- 
gate length  of  all  the  cruises  of  the  Galilee  and  Carnegie  through  September  1916,  is  224,449 
nautical  miles.  The  length  of  the  return  passage  (see  broken  red  lines  on  Plates  23  and  24) 
from  San  Francisco  to  Brooklyn,  November  1916  to  October  1917,  is  expected  to  be  about 
30,600  miles.  Accordingly,  when  the  present  cruise  (No.  IV)  of  the  Carnegie  has  been 
completed,  namely,  by  the  end  of  1917,  the  aggregate  length  of  the  cruises  of  the  two  ves- 
sels will  be  about  255,000  nautical  miles. 

It  is  seen  from  Table  72  that  the  average  time-intervals  and  average  distances  apart 
for  the  Galilee  work  have  been  decreased  by  about  45  per  cent  in  the  Carnegie  work.  The 
increased  efficiency,  or  productiveness,  has  resulted  from  the  fact  that  the  Carnegie  is  a 
non-magnetic  vessel  and  because  of  the  steady  improvement  in  the  instrumental  appliances 
and  observational  methods. 

*In  the  case  of  the  Galilee  work,  to  the  number  of  days  at  tea  were  added  the  days  spent  in  the  harbor-ewings. 
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RESULTS  OF  ATMOSPHERIC-ELECTRIC  OBSERVATIONS 
MADE  ABOARD  THE  GALILEE  (1907-1908)  AND 

THE  CARNEGIE  (1909-1916). 

Bt  L.  a.  Baxjsb  and  W.  F.  Q.  Swann. 

[Based  on  Obflervations  and  Repoits  by  J.  P.  Ault,  P.  H.  Dike,  C.  W.  Heidett,  H.  F.  Johnston, 
B.  Jones,  E.  Kidson,  I.  A.  Luke,  S.  J.  MaucfaJy,  W.  J.  Peters,  and  W.  F.  G.  Swann.] 

INTRODUCTION. 

From  the  beginning  of  the  ocean  work  of  the  Department  of  Terrestrial 
Magnetism,  it  has  been  its  aim  to  include  in  the  program  of  scientific  work  what- 
ever additional  observational  researches  could  be  carried  on  advantageously  and 
profitably  without  conflicting  with  the  prime  object  assigned  to  the  Department — 
the  general  magnetic  survey  of  the  globe.  Manifestly  it  is  necessary  to  restrict  our 
efforts  now-a-days  to  a  few  specific  problems,  if  the  results  achieved  are  to  have 
definite,  scientific  value.  It  appears  that  expeditions  designed  to  undertake 
research  in  many  and  miscellaneous  subjects,  the  interests  of  which  not  infrequently 
clash,  are  not  likely  to  meet  the  rigid  and  exacting  requirements  of  science  to-day, 
though,  in  their  time,  such  general  expeditions  had  a  distinct  and  well-recognized 
value. 

The  history  of  modem  investigation  shows  that  in  most  sciences  we  have  not 
yet  reached  beyond  the  observational  and  experimental  stages.  It  appears  that 
hypotheses  and  theories  should  serve  chiefly  as  stepping-stones  to  still  more  intensive 
and  unceasing  experimentation  and  observation.  We  must  be  fully  content  if 
they  serve  both  to  stimulate  further  interest  and  to  cause  us  to  conduct  our  work 
witii  increasing  intelligence  and  discernment.  But  this  implies  that  we  quickly 
determine  in  what  direction  our  observations  and  experiments  are  leading  us — ^in 
other  words,  that  we  so  arrange  our  program  of  work  as  to  admit  of  prompt  reduc- 
tion and  discussion  of  results.  In  brief,  we  must  not  permit  observations  and 
experimental  results  to  accumulate  to  such  an  extent  as  to  make  well-nigh  impos- 
sible their  publication  within  a  reasonable  period. 

The  experiences  just  alluded  to  seem  to  require  that  a  piece  of  research  should 
be  undertaken  for  a  given  period  of  years  systematically  and  unceasingly,  not 
spasmodically,  and  that  during  this  period  the  work  should  be  so  arranged  as  to 
permit  obtaining  the  results  striven  for,  expeditiously;  moreover,  that  it  should 
be  possible  to  make  opportunely  and  with  promptness  any  necessary  improvement 
in  the  work.  Now  these  requirements  set  a  definite  limit  to  work  of  any  kind  which 
may  be  undertaken,  especi^y  such  as  is  of  world-wide  extent.  No  one  vessel  can 
meet  the  precise  needs  of  many  sciences,  nor  can  any  one  scientific  party  be  large 
enough  to  grapple  advantageously  with  more  than  a  comparatively  few  sets  of 
problems.  Indeed,  as  additional  experience  is  gained  in  the  conduct  of  world  prob- 
lems which  must  be  kept  going  continuously  for  a  period  of  years,  the  more  and 
more  does  this  conclusion  appear  to  be  emphasized:  Keep  the  problems  as  few  as 
possible,  and  have  the  scientific  party  no  larger  than  is  necessary  to  solve  such 
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problems  successful^  and  harmoniously.  No  commander  of  vessel  and  no  one 
set  of  observers  can  be  kept  continuously  engaged  on  the  strenuous  program  which 
even  but  three  or  four  great  problems  entail.  New  men  must  be  continually 
trained  to  assume  the  responsibilities  and  tasks  of  their  predecessors. 

The  preceding  paragraphs  must  suffice  to  show  why  it  is  necessary  to  limit  our 
ocean  investigational  work  to  subjects  which  fall  naturally  within  the  province  of 
the  work  of  the  Department  of  Terrestrial  Magnetism  of  the  Cam^e  Institution 
of  Washington,  and  why  also  we  are  prohibited,  for  the  present  at  least,  from 
undertaking  some  other  important  lines  of  inquiry. 

It  is  hoped  that  these  prefatory  remarks  will  serve  to  introduce  the  reports  on 
special  ocean  researches,  contained  in  this  volume  and  subsequent  ones,  as  also 
to  give  a  slight  indication  of  the  difficulties  of  administration  and  direction. 

The  problem  which  naturally  suggests  itself  as  closely  related  to  that  of 
terrestrial  magnetism  is  that  of  terrestrial  electricity.  By  the  latter  term  is  meant 
the  science  pertaining  to  the  electrical  phenomena  exhibited  by  the  Earth  and  the 
atmosphere.  The  subjects  of  investigation  embrace:  (a)  the  electric  currents 
circulating  within  the  Earth's  crust,  (6)  the  Earth's  electric  charge,  and  (c)  the 
conducting  properties  of  the  atmosphere.  Subject  (a)  at  present  is  one  of  combined 
laboratory  and  observatory  investigation.  Subjects  (6)  and  (c)  together  form  the 
science  termed  ''atmospheric  electricity."  It  is  only  with  r^;ard  to  field  observa- 
tions and  results  in  the  latter  that  the  present  report  concerns  itself. 

Professors  J.  Elster  and  H.  Geitel,  in  their  letter  to  the  Cam^e  Institution  of 
Washington,  dated  Wolfenbtittel,  Germany,  January  26,  1902,  made  the  following 
recommendations : 

WMi  the  earnest  hope  that  this  proposal  may  meet  with  your  approval,  we  beg  leave 
to  suggest  that  it  would  be  in  full  harmony  with  the  proposed  plan  to  combine  with  the 
organization  of  international  magnetic  work  also  the  inauguration  of  observations  pertaining 
to  the  electric  condition  of  the  Earth  and  of  the  atmosphere,  even  though  this  at  present 
may  be  possible  only  to  a  limited  extent. 

As  the  principal  electric  problems,  we  might  name  the  determination  of  the  strength 
of  the  Earth's  electric  field  and  of  the  electric  conductivity  of  the  atmosphere  (the  so-called 
dissipation  of  electricity),  and  the  investigation  of  earth-currents  and  the  aurora. 

Since  these  matters  have  been  investigated  only  within  comparatively  recent  times,  the 
methods  of  observation  and  of  reduction  and  the  theoretical  utilization  of  the  results  are  as 
yet  very  imperfect.  Nevertheless,  there  is  reason  to  hope  that,  even  with  the  present 
means,  relationships  between  the  electric  phenomena  of  the  atmosphere  and  the  Earth's 
magnetic  phenomena  can  be  disclosed. 

At  comparatively  small  cost  for  instrumental  means  and  without  adding  very  much 
to  the  work  of  the  observer,  it  would  be  possible,  in  our  opinion,  to  institute  systematic 
measurements  of  the  electric  intensity  of  the  Earth's  field  and  of  the  conductivity  of  the 
atmosphere  at  a  few  magnetic  observatories  as  widely  distributed  as  possible.  A  few  jrears' 
results  at  these  places  would  then  show  whether  it  would  be  desirable  to  increase  the 
number  of  stations  or  expand  the  work  in  other  directions. 

Since  their  proposals  were  made,  these  eminent  pioneer  investigators  in 
atmospheric  electricity  have  unceasingly  shown  their  interest  and  have  rendered 
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OBSERVATIONS  ON  CRUISE  III  OF  THE  GALILEE.  1907-1908. 

(W.  J.  Pbtibs  in  Command.) 

The  observations  included  measurements  of  the  potential-gradient,  conductivity,  and 
the  radioactive  deposit  on  a  charged  wire.  They  were  made  on  the  cruise  of  the  Galilee 
from  Sitka  (Alaska)  to  Honolulu  (Hawaiian  Islands),  Marshall  Islands,  Lyttelton  (New  Zea- 
land), Callao  (Peru),  and  San  Francisco,  during  Uie  period  August  12,  1907,  to  May  15, 
1908.  The  observer  was  P.  H.  Dike,  who  had  been  sent  to  Europe  in  1906  by  the  Depart- 
ment of  Terrestrial  Magnetism  to  receive  special  training,  for  the  proposed  atmospheric- 
electric  work,  at  Berlin  and  Potsdam,  at  Wolf enbUttel  (under  Professors  Elster  and  Geitel) 
and  at  the  University  of  Cambridge.    The  following  extracts  are  taken  from  his  report.^ 

The  determination  of  the  potential-gradient,  after  careful  consideration  of  the  condi- 
tions on  board  a  sailing  vessel,  seemed  quite  impracticable,  and  no  serious  attempt  was  made 
to  secure  observations.  The  rolling  of  the  ship,  the  flapping  of  the  sails,  and  the  varying 
positions  of  the  yards  and  boom  imder  various  sailing  conditions  all  contributed  to  make 
the  problem  of  reducing  observations  of  potential-gradient  to  a  uniform  basis  too  compli- 
cated to  be  undertaken  in  the  initial  work.  On  board  a  steamer  the  conditions  would  be 
less  variable  and  it  might  be  possible  to  reduce  readings  to  values  for  imdisturbed  sea  by 
means  of  simultaneous  observations  in  port  with  the  vessel  at  anchor  and  the  second 
collector  and  electroscope  mounted  on  a  raft  at  some  distance  from  the  vessel. 

It  was  possible  only  once  to  secure  potential  observations  at  sea,  viz,  on  December  7, 
1907,  during  a  period  of  absolute  calm,  when  even  the  long  swell  had  almost  died  out,  in 
latitude  22^  40'  south  and  longitude  170^  36'  east.  A  small  skiff  was  put  overboard,  and 
the  writer,  assisted  by  Observer  D.  C.  Sowers,  rowed  out  about  100  yards  from  the  ship. 
The  Elster-and-Geitel  flame  collector  was  set  up  on  its  ebonite  rod,  at  a  height  above  sea- 
level  estimated  at  2  meters.  Large,  and  extremely  variable,  potentials  were  obtained, 
varying  rapidly  from  zero  to  potentials  beyond  the  range  of  the  electroscope.  The  mean 
value  would  be  not  far  from  90  volts  per  meter.  The  conditions  on  this  day  were  so 
abnormal  that  not  much  value  can  be  assigned  to  the  observations,  though  they  encouraged 
the  assumption  that  the  potential-gradient  over  the  sea  is  not  so  very  different  from  that 
over  the  land. 

It  was  hoped  to  investigate  the  amount  of  radioactive  material  in  the  atmosphere 
by  Elster  and  GeiteFs  method.  In  this  method  a  wire  of  definite  length  is  charged  to  a 
potential  of  —  2,500  volts  and  exposed  to  the  atmosphere  for  a  period  of  two  hours,  after 
which  it  is  quickly  coiled  on  a  frame  and  introduced  into  an  ionization  chamber  connected 
to  an  electroscope.  If  the  ionization  chamber  and  electroscope  are  of  the  proper  capacity 
and  dimensions,  the  activity  is  said  to  be  imity  when  the  initial  fall  in  volts  per  hour  per 
meter  of  wire  introduced  is  imity.  Owing,  however,  to  breakage  in  the  box  of  dry  piles 
in  transportation  and  the  consequent  failure  of  the  means  of  maintaining  a  high  potential 
on  the  charged  wire,  the  radioactivity  work  was  not  satisfactory,  as  it  was  not  found 
possible  to  reach  a  potential  much  above  1,000  volts,  even  with  the  box  of  dry  piles  opened 
to  the  hot  sun.  However,  several  exposures  of  a  copper  wire  about  10  meters  long  were 
made  during  the  first  half  of  the  voyage.  In  the  neighborhood  of  land,  as  off  the  coast  of 
Alaska  and  in  Cook  Strait,  New  Zealand,  December  21,  1907,  the  observations  showed 
conclusively  the  presence  of  radioactive  emanation  in  the  air,  even  with  the  low  potential 
available  for  charging  the  wire.  In  Cook  Strait  a  value  for  A  (the  "  Aktivierungszahr*  of 
Elster  and  Geitel)  of  40  was  found,  the  deposit  decaying  to  half  value  in  about  40  minutes. 
But  in  the  open  sea  no  increase  in  the  rate  of  discharge  of  the  electroscope  used  for  testing 
the  exposed  wire  could  be  detected.  With  a  better  charging  device  it  might  be  possible  to 
obtain  some  result,  but  it  would  probably  be  only  a  small  fraction  of  that  on  or  near  land. 

'See  Terr.  Mag.,  vol.  13,  pp.  119-128.  1908. 
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Rain-water,  caught  as  it  fell  and  immediately  evaporated  to  dryness,  showed  no  sign 
of  radioactivity.  The  electroscope  readings  were  always  difficult,  and  not  of  sufficient 
accuracy  to  detect  extremely  small  effects.  The  electroscope  was  always  placed  so  as  to 
allow  the  leaves  to  swing  in  a  plane  parallel  to  the  length  of  the  ship,  so  as  to  eliminate  the 
effect  of  rolling  as  far  as  possible,  but  the  leaves  were  never  quiet  and  their  mean  position 
had  to  be  estimated. 

The  only  really  satisfactory  instrument  for  regular  use  on  board  ship  was  the  Grerdien 
apparatus  for  determining  the  specific  conductivity  of  the  air.  An  Ebert  ion-coimter  was 
idso  included  in  the  outfit,  but  its  leakage  was  too  great  and  the  time  necessary  for  a  single 
determination  too  long,  so  no  results  were  obtained  with  it. 

The  Gerdien  conductivity  apparatus  was  the  same  as  used  by  J.  E.  Burbank  in  his 
work  in  Labrador  during  the  eclipse  of  1905.^  A  uniform  current  of  air  is  drawn  by  means 
of  a  fan  through  a  cylindrical  condenser,  the  inner  cylinder  of  which  is  connected  with  the 
leaves  of  an  aluminum-leaf  electroscope.  The  outer  cylinder  is  16  cm.  in  diameter  and  35 
cm.  long,  while  the  inner  cylinder  is  1.4  cm.  in  diameter  and  24  cm.  long.  The  capacity 
is  12.9  cm.  The  inner  cylinder  being  charged  to  a  known  potential,  read  on  the  electro- 
scope, air  is  drawn  through  for  a  measiu'ed  interval  of  time,  usually  5  minutes.  The  ions 
of  opposite  sign  to  the  charge  on  the  cylinder  will  be  attracted  to  it  from  the  air  passing  by, 
and  a  certain  portion  of  the  charge  wUl  thus  be  dissipated.  Only  those  ions  will  reach  the 
inner  cylinder  which  have  sufficient  velocity  to  carry  them  across  the  intervening  space 
before  they  are  carried  by.  The  nimiber  of  ions  reaching  the  inner  cylinder  is  practically 
independent  of  the  velocity  of  the  air-current  so  long  as  it  is  sufficient  to  prevent  saturation 
currents  from  being  established,  and  it  is  only  necessary  to  insure  that  the  velocity  does  not 
fall  below  a  certain  minimum  value.  Knowing  the  capacity  and  dimensions  of  the  instru- 
ment and  the  time  during  which  the  air-current  has  been  passing,  the  specific  conductivity 
of  the  air  can  be  computed  from  the  potential  of  the  inner  cylinder  at  the  beginning  and  the 
end  of  the  exposure. 

The  instrument  was  at  first  mounted  on  a  ship  gimbal-stand,  which  was  placed  on  top 
of  the  forecastle,  under  the  observing  bridge  for  magnetic  observations,  and  for  one-half 
of  the  voyage  the  observations  were  made  at  that  place.  The  location  was,  however,  not 
satisfactory  on  accoimt  of  the  neighborhood  of  the  galley  smokestack,  smoke  from  which 
often  reached  the  instrument  during  calms  or  while  sailing  by  the  wind.  Accordingly,  on 
the  cruise  between  New  Zealand  and  Peru  (on  February  3,  1908)  the  gimbal  stand  was 
moved  to  the  main  deck,  just  forward  of  the  main  hatch  and  still  under  the  bridge.  Here 
there  was  no  further  trouble  from  smoke. 

The  measurements  of  the  specific  conductivities  X^.  and  X.  for  positive  and  negative 
ions  gave  as  means^ 

\^-  1.603X10"*  B.B.U.  (from  258  observations) 
X.  =  1.433  X 10"*  B.8.U.  (from  260  observations) 

The  barometric  pressure  apparently  affects  the  conductivity,  as  the  mean  values  for 
X^.  and  X.  for  34  days  with  the  pressure  below  762.0  mm.  are  1.61X10"*  e.s.u.  and 
1.46  X 10"*  B.s.iT.,  respectively,  while  for  24  days  with  the  pressure  762.0  nmi.  or  above,  the 
mean  values  for  X^.  and  X.  are  1.52X  10"*  B.8.U.  and  1.31  X 10"*  B.8.U.  respectively.  High 
barometer  apparently  causes  a  decrease  of  conductivity.  This  may,  however,  be  due  to 
the  fact  that  the  low  barometric  readings  were  neariy  all  within  the  tropics,  wUle  the  high 

>8ee  7*«rr.  Mag.,  roL  12,  pp.  07-104,  1007,  for  deseription  of  instnuneDt. 
The  origiiial  report  oontains  aIso  the  complete  tablee  of  tlM  indtyidual  values. 
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readings  wen  in  higher  and  lower  latitudes,  so  that  the  effect  may  be  rqponal  ntiia  ihan 
diroctly  due  to  the  preesuie. 

It  is  of  interest  to  note  that  tiie  ratio^  is  counderably  above  unity.    This  comlition 

was  found  to  hold  pretty  consistently,  and  in  regions  of  steady  winds  and  settled  weather 
tjie  ratio  was  almost  invariably  above  unity.  In  view  of  tiie  fact  that  no  measurable 
amount  of  radioactive  deposit  could  be  collected  on  a  negatively  chaq^  wire  iriiile  out  in 
the  open  sea,  it  seems  impossible  to  exphun  the  value  of  the  ratio,  as  has  been  attempted, 
by  aseribing  the  greater  rate  of  dispersion  of  a  n^pitive  chai^  to  the  ionising  effect  of  the 
depodt  collected  on  the  negative^  charged  inner  o^inder.' 

OBSERVATIONS  ON  CRUISE  I  OF  THE  CARNEGIE,  I909-I9I0. 

(W.  J.  PnuB  IK  Coaattm.) 
Observations  for  specific  conductivity  and  radioactive  content  of  the  atmosphere  were 
taken  on  the  portions  of  Cruise  I  of  the  Canugie  (see  Fig.  15)  from  Falmouth  to  Maddra, 
Madeira  to  Bermuda,  and  Bennuda  to  New  Ywk.     The  extiwits  on  pages  367-369  are 
taken  from  the  report  of  the  observer,  Edward  Kidson.* 


FM.  is.— Cntiw  I «( the  CMMcie.  100»-1»IO. 
iSse  Km,  Diaartation  wa  Erlansmig  d«r  Doktonmnto.  OJmbmi.  1907.  ■Baa  Tot.  Uoq.,  vol.  IS.  pp.  83-01,  IBIO. 
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The  conductivity  observations  were  taken  with  the  Gerdien  conductivity  apparatus 
described  in  P.  H.  Dike's  report  on  the  third  cruise  of  the  Galilee,^  and  the  apparatus,  when 
in  use,  was  placed  on  a  gimbal  stand  amidships,  between  the  after  observatory  and  the 
mainmast.' 

Observations  of  temperature  and  humidity  by  means  of  a  psychrometer,  and  of  the  air 
pressure,  wind,  clouds,  and  state  of  the  sea,  were  made  during  the  experiments.  Obser- 
vations for  natural  leakage  were  made  at  intervals;  this  seemed  usually  to  decrease  to  a  very 
low  value  during  the  observations,  and  no  correction  for  leakage  was  applied. 

The  mean  values  of  the  conductivities  X+  and  X.  for  positive  and  negative  ions,  and  of 

the  ratio  r^  are  as  follows  .** 


X- 


K 
X. 

X. 


1.85  XlO""^  B.8.U.  (from  26  observations) 
1.58X10*^  E.S.TJ.  (from  26  observations) 


^=1.16 


From  the  observations  obtained,  no  connection  cotdd  be  established  between  atmos- 
pheric pressure,  himiidity,  wind,  or  cloud,  and  the  conductivity.  When,  however,  there 
was  a  visible  fog  or  base  the  conductivity  was  greatly  reduced.  This  was  noticed  in  some 
preliminary  practice  experiments  at  Falmouth  and  in  Long  Island  Sound.  Rain  squalls 
of  short  duration  did  not  produce  any  effect.  As  the  conductivity  is  an  extremely  variable 
quantity,  a  very  large  number  of  observations  is  required  before  the  connection  with 
meteorological  conditions  can  be  thoroughly  investigated.  One  effect  noticed  was  that  a 
low  conductivity  was  invariably  obtained  when  the  vessel  was  in  the  neighborhood  of  land. 
This  effect  was  heightened  in  Long  Island  Sound  by  the  state  of  the  atmosphere,  and 
probably  by  the  presence  of  snow  on  the  land  and  ice  on  some  stretches  of  water. 

Another  noticeable  fact  is  the  persistent  excess  of  the  positive  conductivity  over  the 
negative.  The  only  occasions  on  which  the  reverse  appeared  to  be  consistently  the  case 
were  while  the  ship  was  at  anchor  off  Madeira  and  in  Hamilton  Harbor,  Bermuda. 
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Fio.  16. — Conduotivity  of  Um  Atmosphere,  December  18-19,  1009. 
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On  December  1&-19,  1909,  continuous  observations  of  the  conductivity  were  taken 
over  practically  24  hours,  in  order  to  discover,  if  possible,  a  diurnal  variation.  The  day 
was  exceedingly  calm  and  fine,  with  a  glassy  sea  with  a  smooth,  low  swell.  The  results 
obtained  are  shown  in  Figure  16,  the  ordinates  representing  conductivities  in  B.8.n.  X 10"^. 
The  continuous  line  corresponds  to  X.,  the  broken  line  to  X^,  and  each  point  corresponds 
to  the  mean  of  from  4  to  8  observations.  It  will  be  seen  that  the  observations  indicate 
values  of  the  conductivities  which  are  higher  by  night  than  by  day. 

*SeepM0M6. 

^See  deMMk»  of  Uio  CwrmoU,  pafes  100-1S3  and  Plate  9,  Fig.  2,  Portion  E. 

•Tbe  origiiial  report  oontaim  the  eomplete  tablee  of  the  indii^ual  Tahiee. 
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Obeervstdons  on  the  amount  of  radioactive  material  in  the  atmoqihere  were  made  by 
Elflter  and  Geitel's  method.^  Except  on  one  occasion,  the  length  of  the  collecting-wire 
was  alwasni  7  meters,  and  it  was  usually  exposed  for  about  1  hcrar.  While  the  coUeeting- 
wire  was  being  exposed,  the  testing-electroscope  was  charged  and  the  rate  at  which  its 
potential  fell  noted,  in  order  to  measure  the  natural  leak.  The  latter  was  almost  invariably 
found  to  decrease  with  time,  sometimes  very  regularly,  and  was  generally  nearly  constant 
and  small  by  the  time  the  radioactivity  test  was  begun.  After  ^  wire  was  inserted,  the 
electroscope  deflections  were  read  at  frequent  intervals  and  the  fall  of  the  potoitial  with 
time  thus  obtained.  The  results  were  plotted  on  crossnaection  paper,  the  ordinates  repre- 
senting potentials  and  the  abscissee  times.  A  smooth  curve  was  drawn  throu|^  the 
points  thus  plotted,  and  from  this  smoothed  curve  an  activity  curve  was  drawn,  the  ordinate 
at  any  point  of  which  was  proportional  to  the  gradient  of  the  first  curve  at  the  time  repre- 
sented by  the  abscissa.    The  times  were  measured  from  the  time  of  discharge  of  the  wire. 

On  days  when  a  comparatively  large  quantity  of  deposit  was  collected  and  the  condi- 
tions of  observation  were  good,  the  curves  obtained  for  the  decay  of  the  activity  were  fairly 
regular  and  similar  in  chiffacter.  The  deposit  appears  to  be  derived  from  radium  emanar 
tion.  Table  73  shows  roughly  the  relative  amounts  of  activity  collected  ondifiFerent  days. 
The  activity  is  here  measimd  by  the  fall  of  potential  in  volts,  produced  in  the  eleotroeoqpe, 
by  the  deposit  in  1  hour,  starting  15  minutes  after  the  discharge  of  the  wire.  The  capac- 
ity of  the  electroscope  was  about  15  cm. 

Tabub  TZ.-^ReUUiM  AmounU  qf  RadioaetwUy  on  the  CanuBffU'B  Finl  Crwut. 


Date 

Latitude 

Longitiide 
E.  of  Gr. 

Time  of 
Eipoeure 

Activity 

Remarks 

1909 

e 

e 

Not.    12 

48.6  N 

350.0 

40miii. 

40 

Length  of  wire*  16  meten 

14 

46.5  N 

846.7 

100  min. 

35 

20 

40.2  N 

842.1 

Ihr. 

75 

22 

86.8  N 

348.5 

Ihr. 

45 

Potential  too  low 

Dee.      3 

28.0  N 

341.0 

Ihr. 

60 

8 

21. ON 

328.0 

Ihr. 

45 

11 

20.8  N 

322.6 

30  min. 

trace  only 

14 

20.6  N 

818.0 

Ihr. 

20 

18 

20.0  N 

312.0 

Ihr. 

5-10 

20 

19.8  N 

310.5 

Ihr. 

35 

23 

19.9  N 

308.5 

Ihr. 

30 

26 

21.6  N 

305.2 

Ihr. 

20 

20 

24.0  N 

300.7 

1  hr. 

trace  only 

1910 

Jan.       1 

26.7  N 

295.9 

5hr. 

55 

4 

28.5  N 

292.8 

10  hr. 

30 

12 

Hamilton,  Bennuda 

16  hr. 

85 

May     14 

Waahington,  D.  C. 

1  hr. 

50 

A.  M. 

16 

Washington.  D.  C. 

1  hr. 

23 

P.M. 

On  December  16, 1009,  latitude  20?0  N,  longitude  314?2  £,  the  wire  was  charged  to 
a  high  positive  potential  for  1  hour,  but  no  active  matter  appeared  to  have  been  collected. 

On  January  1, 4,  and  12, 1910,  the  charged  wire  was  exposed  for  a  long  period,  in  order 
to  detect  if  possible  the  presence  of  thorium  products  in  the  atmosphere.  On  January  1, 
after  5  hours,  there  appeared  to  be  still  left  on  the  wire  about  3  per  cent  of  the  activity 
exhibited  10  minutes  siter  discharging.  This  effect,  however,  may  have  been  due  to  an 
increase  of  the  natural  leakage  which  was  liable  to  take  place  in  the  increased  dampness 
after  nightfall.  Unfortunately  no  determination  of  the  leakage  could  readily  be  made  at 
the  close  of  this  experiment.  On  the  other  two  days  no  sign  of  activity  could  be  detected 
after  a  few  hours.  On  January  12, 1910,  the  observations  were  taken  in  Hamilton  Harbor, 
Bermuda,  under  good  conditions,  so  that  a  very  slight  activity  should  have  been  detected. 

^See  digest  of  P.  H.  Dike's  report  on  the  third  cruise  of  the  QoliUe,  page  364. 
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The  mean  vahiea  of  the  total  oonduotivity,  ihe  ratio  of  the  iMwHive  to  the  negative 
conductivity,  and  Uie  relative  potential-gradients  are  given  in  Table  74.  It  is  to  be 
remarked  tJiat  only  on  one  occasion  during  the  whole  cruise  was  a  negative  i>otentid-gradi- 
ent  obeoved,  idthough  observations  were  made  frequentiy  while  it  was  raining.  Usually 
during  rain  the  potential-gnuUent  was  very  high,  often  exeeecting  the  range  which  this 
eleotnseppewould  measure,  but  it  was  always  positive.    On  the  one  oeeamm  wbea  a  nega- 


Fni.  17.— CniiBB  II  of  the  Carnecie,  lDlO-1913. 

tive  potential-gradient  was  observed  the  sky  was  nearly  covered  with  clouds,  but  there  was 
no  rain.  Although  the  reduction  factor  for  the  pot^tial-gradient  was  not  measured  on 
this  cruise  it  is  deemed  safe  to  say  that  the  observations  indicate  a  mean  potential-gradient 
of  the  order  of  magnitude  of  120  volts  per  meter.  The  mean  values  of  X^,  X-,  and  \+/\., 
for  the  whole  cruise  are  respectively  1.6lXlO~*ii.8.u.,  1.34X10~^BJ!.n.,  and  1.23.  During 
the  passage  from  Falmouth  to  New  York,  the  observations  of  the  radioactive  content  of 
the  atmosphere  fonned  a  fairly  complete  set.  The  mean  value  for  tiiis  cruise,  of  the 
activity,  expressed  in  Elster-and-Geitel  imits,  is  12.3,  and  the  nature  of  the  depomt  on  the 
wire  was  such  that  the  activity  decayed  to  half  value  in  about  40  minutes. 

It  has  been  attempted  to  discover  any  relations  which  may  exist  between  the  various 
atmospheric-electric  elements  or  between  these  and  the  various  meteorological  factors.  As 
a  rule,  the  relations  which  have  been  found  agree  with  those  ^^ch  have  been  previously 
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which  had  probably  passed  over  large  bodies  of  land  within  a  wedc  In  the  other  group, 
designated  "sea-wind,"  have  been  placed  the  remaining  values  of  the  conduetivily  which 
correspond  to  winds  which  had  probably  been  blowing  for  a  wedc  or  more  over  water. 
The  sorting  out  was  done  independenUy  by  two  persons,  and  Table76  contains  a  summary  of 

One  very  large  value  of  the  conductivity  has  been  omitted  in  this  calculation. 


Table  l^.—EfftcL  of  Land  on  the  dmductwUy  ai  Sea. 


Group 

EAU.X10-* 

No.  of  days 
inTolyad 

Land  wind/  ^ 
Sea  wind    <    » 

3.17 
8.11 
2.92 
2.94 

124 
129 
208 
203 

The  summaries  in  both  Tables  75  and  76  support  A.  Nippoldt's  view/  as  based  upon 
the  Galilee  observations  in  the  Pacific  Ocean  in  1907-08,  that  the  effect  of  the  land  is  to 
increase  the  value  of  the  conductivity  as  measured  at  sea. 

From  a  summary  of  the  various  results  thus  far  obtained  at  sea,  the  following  deduc- 
tions in  r^ard  to  the  mean  values  of  the  elements  may  be  drawn:  The  potential-gradient 
is  of  the  same  order  of  magnitude  over  the  sea  as  over  the  land;  the  radioactivity  of  tiie  air 
over  ocean  areas  far  removed  from  land  is  small  compared  to  that  found  over  land,  and  the 
conductivity  over  the  ocean  is  at  least  as  large  as  that  found  over  land. 


OBSERVATIONS  ON  CRUISE  III  OF  THE  CARNEGIE  1914. 

(J.  p.  Attlt  in  ComcAifD.) 

The  general  course  followed  by  the  Carnegie  during  her  third  cruise  is  shown  in 
Figure  18.  The  vessel  left  Brooklyn  on  June  8,  1914,  arriving  at  Hammerfest  on  July  3. 
Sailing  again  from  Hammerfest  on  July  25,  she  arrived  at  Reykjavik,  Iceland,  on  August  24, 
having  reached  the  latitude  of  79^  52'  north,  off  the  northwest  coast  of  Spitzberg^i. 
Leaving  Reykjavik  on  September  15,  the  Carnegie  arrived  at  Greenport  on  October  12, 
retiuning  to  Brooklyn  on  October  21,  1914. 

The  atmospheric-electric  observations,  which  were  made  by  Observer  H.  F.  Johnston, 
comprise  measurements  of  the  potential-gradient,  conductivity,  and  radioactive  content 
of  the  atmosphere.  In  addition  to  these,  a  few  observations  were  made  in  Long  Island 
Soimd  by  W.  F.  G.  Swann,  for  the  purpose  of  trying  out  certain  new  instruments  and 
methods  with  a  view  to  their  adoption  in  subsequent  ocean  work.  The  following  are 
extracts  from  W.  F.  G.  Swann's  report  on  the  atmospheric-electric  observations  of  the  whole 
cruise.    For  the  complete  tables  of  observations,  reference  must  be  made  to  the  original.' 

As  the  first  portion  of  the  report  contains  a  discussion  of  certain  instrumental  errors 
and  corrections  which  will  again  be  referred  to  in  the  account  of  the  work  on  the  next 
cruise,  this  portion  of  the  report  will  not  be  abstracted  here.  The  atmospheric-electric 
observations  were  always  taken  about  the  same  time  of  day,  between  9  a.  m.  and  12  noon. 

Measurements  of  the  potential-gradient  were  made  by  means  of  an  ioniiun-coUector 
suspended  at  the  end  of  a  bamboo  pole  which  extended  aft  from  the  stem  taffrail,  and  the 
standardization  of  the  potential-gradient  apparatus  was  made  by  simultaneous  ship-and- 
shore  observations  on  two  occasions,  the  first  at  Reykjavik  and  the  second  at  Gardiners 
Bay.  In  the  shore  observations  a  method  due  to  Simpson  was  employed,  in  which  the  ionimn- 
coUector  was  fastened  to  the  middle  of  a  long  wire  stretched  horizontally  between  two 
poles. 


^Terr.  Ma(j.,  vol.  17,  pages  39-41.  1912. 


^Terr.  MoQ.,  vol.  20,  pp.  13-48.  1916. 
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The  conductivity  observatioiis  were  made  with  Gerdien's  inatrument,  the  electroscope 
being  of  the  Wnlf  bifilar  type.  The  radioactive  content  was  measured  by  Elster-and- 
Gatel's  method,  with  certain  modifications  devised  with  a  view  to  rendering  the  reeulto 
more  susceptible  of  tiieoretical  interpretation.' 

In  addition  to  tiie  above,  measurements  of  tiie  ionic  densities  n+  and  n_,  for  positive 
and  negative  ions,  were  made  in  Long  Island  Sound  by  means  of  the  special  form  of  lon- 
coimter  devised  by  W.  F.  G.  Swann.' 

The  averse  value  of  tiie  potential-gradient,  atmosphoic  conductivity,  and  radio- 
active content  for  ihe  whole  cruise  were,  respectively,  03  volt«  per  meter,  2.62  X  10~*  E.s.u., 
and  23.  Hie  last  number  is  expressed  in  Elster-and-G^tel  units.  The  average  value  of 
the  air«arth  cuirent-denraty  for  the  whole  carviae  was  7.7X10~^  b.b.u. 


Flo.  18.— Cniin  III  of  Um  CutMiifc  1»14. 

The  observations,  as  far  as  tiiey  go,  indicate  a  general  increase  of  the  potential-gradient 
from  summer  to  winter,  which  is  in  accord  witii  land  observations  for  the  daily  mean 
values.  The  conductivity  also  shows  a  goieral  inerease  from  the  beginning  of  the  cruise 
(June  8, 1914)  to  about  tiie  end  of  September,  yrhen.  a  mftTJinuro  occurs,  after  ^tiiich  tiie 
conductivity  falls;  the  air-earth  current-density  follows  the  general  course  of  the  conduc- 
tivity. No  very  definite  conclumons  result  as  to  the  seasonal  variations  of  the  radioactive 
content,  though  the  obaervations  are  not  inconsistent  with  those  of  Simpson  in  Lapland,  in 

<8mW.  F.  Q.  Swuin.  Trrr.  Mao.,  vol.  IB.  pp.  176-179,  1VI«.  ■Sw  PM«i  387-880. 
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'n»i«  fMuhn  urii  iiivftti  III  ThIiIi^  7H.  They  have  been  calculated  by  reducing  the  measured 
f  iii1i«Mi«it,i  vn  MMii(4»til  (41  IClNteiHUul-Geitel  unite  and  then  making  uae  of  an  empirical  relation 
Mlilniiinil  liy  KiifN  ftir  tlie  rate  of  production  of  ions  per  cubic  cmtimeter  conresponding  to  1 
VM^n  mill  C  bitnl  unit.  In  Uie  tdble,  q  represents  the  rate  of  production  of  ions  per  cubic 
MiiiiliiiiiidM'  MwInK  ^^  ^*  radioactive  materiali  and  the  number  of  ions  (n)  per  cubic  centi- 
HinM'  of  ^\\hpf  i4||ti  haM  been  calculated  from  the  exprssrion  n'-g/a,  wfaero  a  is  the  coeffi- 
ikimil  iif  mmtiiMnaUim  of  the  ions  and  is  taken  as  2.5X10**.  The  conductivily  is  taken  as 
\)hh>,  i*  I)«4hii  ih0  ii|HH«lllc  vehiclty  of  the  ions.  The  vahie  of  o  has  bem  taken  as  1.3  cm.  per 
MHHiiiit  \m  viilt  |mr  iH»nUin0ier  for  each  sign  of  ions.^ 
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values  the  effect  of  the  penetrating  radiation  from  the  active  material  in  the  sea  has  been 
neglected ;  this  effect  is  very  small,  however.  It  will  be  seen  that  while  in  the  Atlantic  Ocean 
the  radioactive  material  is  sufficient  to  account  for  an  appreciable  fraction  of  the  conduc- 
tivity, it  is,  on  the  basis  of  the  constants  used,  insufficient  to  account  for  all  of  it.  It  must 
further  be  borne  in  mind  that  in  so  far  as  many  of  the  ions  produced  by  the  radioactive 
material  in  the  air  undoubtedly  go  into  the  type  of  the  slowly  moving  Langevin  ions,  the 
calculated  conductivity  should  be  even  smaller;  it  is  probably  for  this  reason  that  the 
calculated  values  of  n^+n^  for  the  Long  Island  Sound  observations  come  out  greater  than 
the  observed  values. 

It  is  natural  to  expect  a  smaller  radioactive  content  in  the  case  of  air  which  has  been 
for  some  time  over  the  ocean  than  in  the  case  of  air  which  has  passed  recently  over  land. 
If,  then,  making  use  of  the  wind  records,  we  divide  the  days  into  two  classes  as  regards  the 
probable  time  which  has  elapsed  since  the  wind  last  traveled  over  land,  we  should  expect  a 
higher  radioactive  content  in  the  cases  in  which  the  wind  has  recently  traveled  over  land 
than  in  the  others.  The  conclusion  is  borne  out  in  8  of  9  cases  during  the  voyage  from  New 
York  to  Hammerfest,  and  in  the  greater  number  of  cases  in  the  voyage  from  Iceland  to 
Greenport.  No  very  definite  conclusion  in  this  respect  emerges  from  a  consideration  of  the 
results  of  the  voyage  from  Hammerfest  to  Iceland;  but  the  winds  on  the  voyage  were 
usually  of  a  very  small  velocity,  and  it  is  consequently  difficult  to  form  much  idea  as  to  the 
probable  course  which  the  air  had  pursued  in  the  days  preceding  any  one  for  which  the 
strength  is  recorded. 

In  some  cases,  the  conductivity  appears  to  undergo  an  interesting  change  as  one 
passes  from  the  American  shore  out  into  the  open  sea.  The  conductivity  starts  consider- 
ably below  its  normal  value,  but  increases  again  as  one  gets  out  into  the  open  sea,  a  result 
observed  also  by  E.  Kidson^  on  the  first  cruise  of  the  Carnegie.  The  values  of  the  con- 
ductivity were  particularly  low  in  Long  Island  Sound. 

Since  both  the  conductivity  and  ionic  content  were  measured  in  the  Sound,  it  was 
possible  here  to  deduce  the  specific  ionic  velocities,  t;+  and  v.,  for  positive  and  n^ative  ions. 
The  mean  values  of  v^  and  v.  so  foimd  are  respectively  0.77  and  0.83  cm.  per  second  per 
volt  per  centimeter.  These  values  are  somewhat  below  normal,  a  result  which  is  in  Imr- 
mony  with  the  low  values  of  the  conductivity  in  indicating  abnormal  conditions  in  the  r^on 
of  transition  between  sea  and  land. 

The  latter  portion  of  the  report  is  devoted  to  a  mathematical  discussion  of  the  possi- 
bility of  determining  the  nature  and  amount  of  active  material  in  the  atmosphere  from  an 
analysis  of  the  decay  curves  for  the  active  wire.  It  appears  that  the  customary  method  of 
drawing  conclusions  as  to  the  nature  of  the  products  in  the  atmosphere  by  comparing  the 
decay  curves  for  a  wire  exposed  thereto  tdth  that  of  a  wire  exposed  to  emanation  con- 
tained in  a  small  closed  vessel,  is  not  justified.  The  activity  curves  are  analyzed  in  the 
report,  use  being  made  of  the  theory  of  radioactive  disintegration,  and  it  is  found  that 
while  some  of  the  curves  can  be  explained  by  radium  emanation  alone,  others  require  the 
presence  of  a  product  of  longer  decay  period  than  radium  A,  B,  or  C.  The  possibility  of 
this  extra  product  being  a  product  of  thorium  emanation,  as  is  generally  assumed  to  be  the 
case  on  land,  is  discussed. 

An  attempt  to  calculate  the  actual  amount  of  radium  emanation  in  the  air  directly 
from  the  theory  of  the  Elster-and-Geitel  method,  without  assuming  any  empirical  relation, 
results  in  a  much  smaller  value  for  the  emanation  content  than  that  given  by  the  empirical 
relation,  unless  it  is  assumed  that  the  average  specific  velocities  of  the  active  carriers  are 
much  smaller  than  is  generally  supposed. 

M9ee  pact  897. 


376  RspoRTB  ON  Special  Rbbxabchks 

OBSERVATIONS  ON  CRUISE  IV  OF  THE  CARNEGIE.  1915-1916. 

(J.    p.   AwT  1»  COMMAXU.) 

The  Carnegie  started  from  Brooklyn  on  her  fourth  cruise  Mardi  6, 1016,  Btopping  first 
at  Gardiners  Bay  until  March  9,  to  make  her  usual  "swing  observBtions,"  and  airiving  at 
Colon,  Panama,  on  March  24,  1015.  She  next  passed  throiigh  the  Panama  Canal;  leaving 
Balboa  April  12,  she  sailed  for  Honolulu,  arriving  there  May  21, 1015.  She  left  Honolulu 
on  July  3,  and  arrived  at  Dutch  Harbor,  Alaska,  on  July  20,  from  which  port  she  sailed  on 
August  4  for  Port  Lyttelton,  New  Zealand,  arrivii^  there  November  2.  Leaving  Lyttdton 
Decembw  6,  1015,  a  circumnavigation  was  made  of  the  region  between  the  parallels  50° 
and  60°  80utii,theCame{rie  returning  to  Port  Lyttelton  on  April  1, 1016.  On  May  17, 1916, 
she  again  left  Port  Lyttelton  bound  for  Samoa,  Guam,  and  San  Francisco.  The  cruise  up 
to  April  I,  1016,  is  shown  in  Figure  10. 


Flo.  19.— CniiM  rV  of  the  Camegie,  1915-1916  (April). 


On  the  completion  of  the  work  of  Cruise  IH  it  was  felt,  as  a  result  of  the  experience 
gained,  that  the  time  had  come  when  a  more  ambitious  program  of  atmospheric-electric 
work  could  be  undertaken  with  hope  of  Buccess,  and  to  this  end  the  atmospheric^ectric 
equipment  was  considerably  increased.  Also,  a  special  atmospheric-electric  house  was 
built  aboard  the  vessel  for  the  more  permanent  installation  of  the  instruments. 
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The  design  of  the  methods  of  measurement  and  the  organization  of  the  scheme  of  pro- 
cedure in  the  atmospheric-electric  work  were  initiated  by  W.  F.  G.  Swann.  In  the  work 
connected  with  the  installation  of  the  instrmnents  aboard,  and  in  the  experimental  work 
prior  thereto,  he  was  assisted  by  S.  J.  Mauchly  and  H.  F.  Johnston,  the  observer  to  whom 
had  been  assigned  the  atmospheric-electric  work  on  the  cnuse.  Swann  and  Mauchly 
accompanied  the  vessel  from  Brooklyn  as  far  as  Gardiners  Bay,  in  order  to  complete  the 
installations  and  tests  of  the  new  instruments.  Mauchly  continued  with  the  Carnegie 
as  far  as  Balboa  to  complete  the  remaining  adjustments  found  necessary. 

The  observations  from  New  York  to  Colon  were  made  by  Mauchly  and  Johnston. 
From  Balboa  (April  12, 1915)  until  the  return  of  the  vessel  to  Ljrttelton,  New  Zealand,  on 
April  1 ,  1916,  after  her  sub- Antarctic  circumnavigation  cruise,  they  were  made  by  Observers 
H.  F.  Johnston  and  I.  A.  Luke,  and  at  the  present  tune  Observers  B.  Jones  and  I.  A.  Luke 
are  carrying  on  the  work. 

The  following  account  by  Swann  contains  a  description  of  the  instruments  and  methods 
employed  in  the  atmospheric-electric  work,  and  a  compilation  and  discussion  of  the  data 
submitted  in  the  reports  of  Mauchly  and  Johnston  through  March  1916. 

ATMOSPHERIC-ELECTRIC  QUANTITIES  MEASURED. 

In  the  choice  of  quantities  to  be  recorded  in  any  extensive  series  of  atmospheric-electric 
measurements  on  the  ocean,  we  must  be  guided  by  two  main  considerations.  In  the  first 
place,  the  quantities  should  be  such  that,  taken  together,  they  form  as  complete  a  whole  as 
possible.  If  we  wish  to  discuss  the  variation  of  some  quantity,  such  for  example  as  the 
atmospheric  conductivity,  throughout  the  day,  in  order  to  compare  the  results  with  land 
values,  it  is  desirable  that  we  shall  not  omit  to  measure  any  quantity  which  we  know  to 
be  a  controlling  factor  in  the  determination  of  this  element.  Secondly,  it  is  necessary  that 
the  quantities  measured  shall  be  such  as  can  be  obtained  by  apparatus  which  is  adaptable  to 
ocean  conditions. 

The  atmospheric-electric  quantities  at  present  measured  on  the  Carnegie  are  the 
following: 

(1)  The  potential-gradient  X. 

(2)  The  conductivities  (X+  and  X.)  arising  from  the  positive  and  negative  ions. 

(3)  The  numbers  (n^.  and  n.)  of  positive  and  negative  ions  per  cubic  centimeter. 

(4)  The  number  of  pairs  of  ions  produced  per  cubic  centimeter  per  second  in  a  dosed 
vessel  (the  penetrating  radiation). 

(5)  The  radioactive  content  of  the  atmosphere. 

(6)  The  radioactive  content  of  the  sea-water. 

The  meteorological  observations  ifi^ch  are  made  are:  pressure,  temperature,  humid- 
ity, extent  and  nature  of  clouds,  and  strength  of  wind  and  its  direction. 

The  diurnal  variations  of  the  potential-gradient,  ionic-content,  and  penetrating  radia- 
tion are  also  under  investigation. 

The  conductivities  are  related  to  the  numbers  of  ions  per  cubic  centimeter  by  the 
expressions \^^n^ev^j  and  X. »n.et^.,  where  e  is  the  electronic  charge,  and  t;+  and  v.  are 
the  velocities  under  unit  field,  of  the  positive  and  negative  ions  respectively.  Since 
\^/n^e^v^  and  X./n.e«t;.,  measurements  of  X^.  and  X.,  n^  and  n.  lectd  directly  to  the 
determinations  of  v^  and  v.. 

The  simultaneous  measurement  of  conductivity  and  potential-gradient  enables  us  to 
calculate,  if  we  wish,  the  value  of  the  vertical  conduction  ciurent-density,  which  is 

i-(X++X.)X 

The  primary  interest  attaching  to  the  measurements  of  the  radioactive  content  and  of 
the  nmnber  of  pairs  of  ions  produ^  per  cubic  centimeter  inside  a  closed  vessel  lies  in  the 
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fact  that  it  is  to  the  radioactive  material  in  the  atmosphere  and  to  the  cause  which  is  respon- 
sible for  the  production  of  ions  in  a  closed  vessel  (the  so-called  penetrating  radiation)  that  we 
must  look  mainly  for  an  explanation  of  the  nomuJ  atmospheric  ionization.  A  further  inter- 
est attaching  to  the  measurements  of  the  number  of  pairs  of  ions  produced  in  a  closed  vessel 
arises  from  the  faqt  that  the  formation  of  such  ions  has  always  been  more  or  less  a  mystery, 
which,  in  the  case  of  land  observations,  is  in  part  to  be  explained  by  the  7-ray  radiation  from 
the  radioactive  materials  in  the  soil,  a  cause  which  has  very  little  coimterpart  over  the 
ocean. 

In  one  sense,  atmospheric-electric  observations  over  the  ocean  are  susceptible  of  a  more 
uniform  interpretation  than  is  the  case  with  those  taken  on  land,  for  at  sea  we  are  not 
troubled  with  topographical  features  which  vary  from  place  to  place. 

INSTRUMENTAL  APPLIANCES. 

Among  the  chief  difficulties  associated  with  atmospheric-electric  work  at  sea  is  that  of 
overcoming  the  e£fect,  on  the  instruments,  of  the  motion  of  the  ship,  and  of  securing  good 
insulation.  One  is  practically  debarred  from  the  use  of  instruments  of  the  quadrant  type 
and  is  forced  to  confine  himself  to  electroscopes.  The  electroscopes  in  use  on  the  Carnegie 
are  of  two  types,  the  bifilar  electroscope  designed  by  Wulf  ,^  and  the  single-fiber  electroscope 
of  Einthoven,  modified  according  to  the  Wulf  pattern.^  In  each  of  these  instruments  the 
restoring  force,  which  resists  the  motion  of  the  fibers  or  fiber  under  the  action  of  the 
electrical  forces,  is  brought  about  by  the  tension  of  a  quartz  bow,  so  that  the  indications 
of  the  instruments  are  affected  to  a  comparatively  small  extent  by  the  motion  of  the  ship. 

It  will  be  recalled  that  in  the  bifilar  instrument  the  gold  leaves  of  the  older  forms  of 
electroscope  are  replaced  by  platinized  quartz  fibers.  The  fibers  are  soldered  at  their 
upper  ends  to  the  main  terminal  of  the  instrument  and  at  their  lower  ends  to  the  mid-point 
of  a  qiiartz  bow  whose  ends  are  fixed  to  a  frame.  When  the  fibers  are  charged  they  repel 
each  other,  and  the  resulting  motion,  which  can  be  read  by  a  microscope  with  a  scale  in  the 
eyepiece,  is  resisted  by  the  quartz  bow.  This  type  of  instrument  is  useful  where  a  sensi- 
tivity in  the  neighborhood  of  0.5  division  per  volt  is  required.  Further,  the  case  of  the 
instrument  is  double,  and  the  inner  part  is  insulated,  so  that  by  raising  or  lowering  its 
potential,  by  means  of  batteries,  the  readings  of  the  electroscope  can  alwajrs  be  brought  to 
the  most  uniform  part  of  the  scale.  The  subsidiary  case  has  an  additional  advantage  in 
enabling  the  electroscope  to  be  used  for  any  desired  range  of  potential. 

In  the  single-fiber  electroscope,  a  single  platinized  quartz  fiber  is  attached  at  its  lower 
end  to  a  quartz  bow  and  at  its  upper  end  to  the  main  terminal  of  the  instrument.  Two 
insulated  metal  plates  are  mounted  with  their  planes  parallel  to  each  other  and  to  the 
quartz  fiber,  one  plate  being  mounted  on  each  side  of  the  fiber.  The  case  of  the  instrument 
being  earthed,  these  plates  may  be  charged  to  say  + 100  volts  and  — 100  volts  respectively, 
or  to  any  convenient  amount,  by  means  of  constant  batteries,  and  charges  commxmicated 
to  the  fiber  will  then  cause  a  deflection.  The  deflection  for  a  given  potential  applied  to  the 
fiber  increases  with  the  field  between  the  plates  and  with  diminution  of  tension  on  the  fiber, 
which  latter  may  be  varied  by  moving  the  bow  support  up  and  down  by  means  of  a  suitable 
screw.  In  the  laboratory  it  is  not  difficult  to  secure  a  sensitivity  of  100  or  more  eyepiece 
divisions  per  volt,  but  on  board  ship  a  sensitivity  of  from  5  to  10  divisions  per  volt  is 
found  more  desirable. 

For  the  batteries  which  determine  the  potentials  of  the  plates  of  the  Einthoven  instru- 
ment, small  groups  of  cadmium  cells  (Kriiger  batteries)  are  generally  recommended. 
Unfortunately  these  batteries  are  liable  to  show  sudden  fluctuations  in  voltage,  which, 
though  of  small  amount,  are  sufficient  to  cause  erratic  movements  of  the  fiber  of  the  electro- 
scope.   The  resistance  of  a  100-volt  Kriiger  battery  is  very  high,  about  100,000  ohms,  and 

^PhV9,  ZwU.,  vol.  8,  pp.  246  and  627,  1007.  *PAy«.  Zeit.,  vol.  15,  pp.  250-254,  1914. 


380  Reports  on  Special  Rbsbabchbs 

POTENTIAL-GRADIENT. 

In  farmer  work  on  the  ocean,  the  potential-gradient  has  afanost  invariably  been 
nred  by  some  method  such  as  the  following:  A  bamboo  pole  extends  from  the  stem  rail  of 
the  flhip  and  carries  at  its  end  a  metal  plate  wUch  is  insulated  and  ooverod  with  some  f  01^ 
radioactive  material,  usually  ionium.  Under  these  conditions,  the  air  in  the  vicinity  of 
the  plate  is  r^idered  conducting,  and  the  plate  itsdf  takes  up  the  potential  of  this  air  as 
det^mined  by  the  electrical  field  of  the  Earth  modified  by  the  presence  of  the  shq>,  bamboo 
pole,  etc.  An  electroscoi)e  serves  to  measure  the  difference  of  potential  between  tiie  ship 
and  the  disk,  or  collector  as  it  is  called,  and  this  quantity  is  proportional  to  the  potentidU 
gradient.  In  order  to  obtain  absolute  values,  it  is  necessary  to  secure  simultaneous  8hq> 
and  shore  observations,  the  latter  being  made  over  a  flat  surface  by  some  apparatus  wfaidi 
does  not  itself  distort  tiie  field,  and  which  measures  the  true  potential-gradi^it. 

The  chief  disadvantage  associated  with  the  use  of  a  collector  lies  in  the  slowness  of  its 
action,  which  necessitates  very  perfect  insulation  if  accurate  results  are  to  be  obtained. 
Thus  an  ionium  collector  may  require  something  of  the  order  of  two  minutes  to  attain  a 
potential  within  1  volt  of  its  final  steady  potential.  It  will  be  obvious  that  since  in  the 
final  state  there  is  a  difference  of  potential  of  the  order  of  200  or  300  volts  between  the 
collector  and  the  earthed  bamboo  pole,  the  final  potential  of  the  collector  can  not  have  its 
proper  value  imless  the  insulation  is  perfect.  It  will  have  a  value  somewhere  betwe^i  aero 
and  the  proper  value,  and  determined  by  the  fact  that  the  current  of  electricity  flowing 
from  the  collector  to  earth  over  the  leaking  insulation  is  equal  to  the  current  ¥^ch  is  able 
to  flow  from  the  air  to  the  collector,  due  to  the  latter  being  at  a  potential  below  its  proper 
amount.  A  simple  calculation  will  show  that  even  the  electrical  dispersion  from  the  wire 
leading  to  the  collector  is  sufficient  to  maintain  the  potential  below  its  proper  value  by  an 
appreciable  amount.  Thus  to  consider  an  example,  suppose  V  represents  the  amount  by 
which  the  collector  differs  from  the  potential  which  it  would  finally  attain  in  the  absence  of 
leakage  due  to  dispersion  or  other  causes.  If  c  is  the  capacity  of  the  insulated  syst^n,  and 
Vo  the  value  of  V  when  the  collector  is  earthed,  then  in  the  absence  of  leakage, 

^  dt      '^^ 
where  A;  is  a  constant.    Hence 

V^Voe'^  (1) 

If,  in  the  absence  of  leakage,  the  collector  takes  1  minute  to  attain  a  potential  within 
Fo/lOO  of  its  final  value,  we  find  from  (1),  A;/^  =  0.08. 

Thus,  if,  owing  to  the  dispersion,  the  maximum  potential  differs  by  5  F  from  its  proper 
value,  the  quantity  of  electricity  coming  to  the  wire  per  second  is  A:57=0.08c6F.  If  SV 
were  zero  there  would  be  no  surface  density  of  charge  on  that  portion  of  the  wire  leading 
to  the  collector,  which  was  near  the  collector,  but  the  surface  density  would  not  be  zero  on 
portions  of  the  wire  remote  from  the  collector.  If  C  is  the  capacity  of  the  wire  and  we  write 
CVo/2  as  the  total  charge  on  the  wire,  we  shall  probably  underestimate  it.  In  this  case,  the 
rate  of  supply  of  electncity  to  the  wire  by  dispersion  would  be*  4irCFoX+/2.    Hence 

0.08c8F=2irCFoX+ 

Putting  \^  =  10"*,  and  observing  that  C/c  would  not  be  far  from  unity  unless  the  electro- 
scope had  a  considerable  capacity,  we  find  that,  in  the  steady  state,  SV  forms  about  1  per 
cent  of  Vq.  Thus  if  Vo  were  200  volts  there  would,  in  the  case  cited,  be  an  error  of  2  volts. 
It  is  true  that  this  is  not  very  much,  but  remembering  that  it  is  accoimted  for  by  the  mere 
dispersion  from  the  wire,  we  see  how  seriously  the  results  would  be  affected  by  faulty  insu- 
lation. 

^See  W.  F.  G.  Swann,  Terr.  Ma{j.,  vol  19,  pp.  81-84.  1914. 
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Another  disadvantage  attending  the  use  of  any  form  of  collector  shows  itself  from  a 
eonsidenition  of  the  fact  that  since  Uie  electric  force  near  the  stem  of  a  ship  is  a  function 
not  only  of  the  electric  force  in  the  open,  hut  of  the  configuration  of  that  surface  which  is 
bounded  by  the  sea  and  the  stern  of  the  ^p,  the  force  must  be  a  quantity  which  fluctuates 
ccmtinually  as  that  configuration  changes,  due  to  the  rolling  and  pitching  of  the  vessel. 
In  order  that  potential-pudient  measurements  shall  have  a  definite  meaning,  it  is  therefore 
deorable  that  they  shall  always  be  taken  at  one  position  of  the  tilt  of  the  ship. 

The  apparatus  devised  for  observations  on  the  Carnegie  was  designed  with  a  view  to 
overcome  the  above  objections.    A  picture  of  it  is  shown  in  Plate  22,  Figure  4,  and  the 
principle  of  its  action  will  be  clear  from  Figure  20.    The  instrument  is  a  modification  of  an 
earlier  one*  designed  for  preliminary  use  on  the  third  cruise  of  the  Carnegie.    It  comprises 
a  brass  tube  A  fixed  at  one  end  to  an  axle  so  that  it  can  rotate  in  a  plane  containing  the 
fore-and-aft  line  of  the  ship.    The  axle  is  mounted  on  supports  fixed  to  the  stem  rail  of  the 
ship,  and  the  projecting  end  of  the  brass  tube  carries  a  gauze  disk  B  made  somewhat  in  the 
form  of  a  parasol.    The  handle  C  by  which  the  rotation  is  brought  about  is  insulated 
from  the  axle,  and  the  latter  is  itself  insulated  frcnn  Earth  by  causing  it  to  work  in  brass 
tubes  fixed  into  their  supports  with 
sulphur  insulation.     The  ude  is  con- 
nected by  a  thin  wire  to  a  Wulf  bifilar 
electroscope  D,  the  wire  and  axle  being 
in  the  same  line.    It  is  arranged  that 
when  the  brass  tube  is  approximately 
vwUcal  and  the  parasol  attachment 
downward,  the  electroscope  system  is 
earthed.    On  rotating  the  tube  to  some 
other  position  fixed  by  a  stop,  a  deflec- 
tion proportional  to  the  potential-gra- 
dient is  obtained  in  the  electroscope. 
Insulation  difficulties  are  entirely  over- 
come, since  the  leak  occurring  during 

the  turning  of  the  handle  from  one  ^^  „._Di.^  ot  Po«„,i^^r»di.ot  App^tu. 

position  to  another  is  negligible;  fur- 
ther, the  operation  can  be  poformed  so  quickly  that  a  reading  can  be  obtained  at  any 
desired  position  of  tilt  of  the  ship.     The  sensitivity  is  considerable,  and  it  is  easy  to 
arrange  so  that,  for  the  normal  value  of  the  potential-gradient,  deflections  amoimting  to 
the  whole  scale  length  are  obtained. 

Although  the  principle  of  the  iq>paratua  is  such  that  a  high  degree  of  insulation  is  not 
essentia],  tiie  su^hur  supports  for  the  axle  were  provided  witit  caps  holding  attachments  for 
drying  material.  It  has,  however,  not  been  found  necessary  to  use  any  drying  material; 
and  indeed,  during  the  whole  period  in  which  the  apparatus  has  been  in  use  on  Cruise 
rV,  hardly  any  occasion  has  been  recorded  in  whidi  insulation  trouble  was  experienced 
with  this  instrument,  although  observations  were  frequently  taken  under  conditions  of 
great  dampness.  The  arrangements  are  such  that  the  parasol  attachment  can  be  fixed  in 
position  or  removed  in  a  moment,  and  this  is  the  only  part  of  the  apparatus  which  is  taken 
amy  when  the  observations  are  completed.  The  axle  and  dectroecope  ^stem  remain  in 
position  and  are  covered  with  a  suitable  oover.  Two  leads  from  a  battery  stored  in  a  room 
some  distance  away  come  up  to  the  base  of  the  instrument,  uid  mable  a  potential  to  be 
^^>lied  to  the  subsidiaiy  case  of  tiie  Wulf  dectroect^,  so  that  tiie  range  of  the  instrument 
may  be  adjusted  to  suit  q>ecial  conditions.  This  anangement  also  enables  the  sign  of  the 
potaitial-^«dient  to  be  determined  by  noting  the  direotion  of  movement  of  the  deflected 
fibers  when  a  small  potential  of  known  dgn  is  ^iplied  to  the  subddiary  case. 

>Bm  W.  F.  O.  Swub.  IVr.  Jf^.,  voL  10.  pp.  1S9-18S,  MM. 
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It  is,  of  course,  necessary  to  determine  the  reduction  factor  by  which  the  indications 
of  the  instrument  must  be  multiplied  in  order  to  reduce  them  to  the  corresponding  values 
of  the  potential-gradient  over  a  flat  surface.  In  order  to  simplify  matters,  it  is  always 
arranged  that,  as  for  as  the  essentials  which  affect  the  potential-gradient  observations  are 
concerned,  the  configuration  of  the  sails  during  observations  is  one  of  three  specified  types. 
One  of  the  chief  requirements  for  the  determination  of  the  reduction  factor  is  that  of  obtain- 
ing a  flat  stretch  of  land,  and  in  this  matter  careful  judgment  is  necessary.  It  is  essential 
to  bear  in  mind  that  flatness  of  the  ground  in  the  immediate  vicinity  of  the  apparatus  is  not 
sufficient  to  prevent  distortion  of  the  field  by  distant  topographical  irregularities  of  large 
size.  Thus,  to  give  an  example  which  will  illustrate  the  general  nature  of  the  considerations 
involved,  suppose  the  apparatus  is  situated  between  two  parallel  mountain  ridges  of  semi- 
circular cross-section.  It  can  readily  be  shown  that,  if  the  mountain  ridges  are  suflldentiy 
far  from  each  other,  each  acts  as  a  linear  doublet  of  moment  M = iXa?  per  unit  length, 
where  X  is  the  electric  field  and  a  the  radius  of  the  semicircle.  At  a  point  midway  between 
the  ridges  the  alteration  in  the  field  due  to  the  ridges  would  amount  to  2(2M/r^  »  TS^dfji^^ 
where  r  is  the  distance  from  the  center  of  one  ridge  to  the  point  of  observation.  Hence,  to 
consider  a  somewhat  drastic  case,  if  the  tangent  of  the  angle  subtended  by  the  top  of  the 
ridge  were  0.2,  there  would  be  an  error  of  8  per  cent  in  the  measured  potential-fpradient. 
The  error  would  obviously  be  the  same  for  two  ridges,  each  1  mile  high  and  6  miles  distant, 
as  for  two  ridges  1  foot  high  and  5  feet  distant. 

For  the  actual  shore  observations  it  is  desirable  to  choose  a  piece  of  ground  which  is 
practically  on  a  level  with  the  surface  of  the  sea,  and  is  free  from  trees.  In  the  method^ 
which  has  been  used  for  the  shore  observations,  a  wire  several  meters  long  is  suspended 
horizontally  from  two  posts  by  suitable  insulators,  and  a  collector  is  attached  to  its  center. 
The  wire  is  connected  to  an  electroscope  at  one  end  and  simultaneous  readings  are  then 
taken  with  this  apparatus  and  with  the  apparatus  on  the  ship.  Since  the  wire  which 
supports  the  collector  lies  in  a  horizontal  plane,  it  does  not  acquire  any  Gharge,  and  so 
does  not  disturb  the  field ;  and  for  the  same  reason  it  does  not  contribute  to  leakage  through 
atmospheric  dispersion. 

One  of  the  chief  sources  of  uncertainty  in  the  determinations  of  the  reduction  factors 
arises  from  the  fact  that  it  is  usually  impossible  to  get  the  ship  nearer  to  the  shore  station 
than  half  a  mile ;  and  it  appears  that  if  clouds  are  at  all  prominent,  the  ratio  of  the  potential- 
gradients  on  ship  and  on  shore  is  by  no  means  constant.  For  this  reason  it  is  felt  that  the 
reduction  factors  should  be  measured  as  often  as  possible  when  favorable  opportunities 
arise,  so  that  by  taking  the  mean  factors  obtained  under  different  conditions,  and  in 
different  localities,  the  importance  of  unknown  irregularities  will  be  reduced. 

The  daily  observations  of  the  potential-gradient  are  taken  over  periods  of  about  half 
an  hour,  and,  as  far  as  possible,  are  arranged  to  extend  over  the  middle  period  of  the 
determination  of  the  ionic  content  and  conductivity.  The  example  on  page  397  illustrates 
the  method  of  recording  the  observations. 

CONDUCTIVITY. 

In  the  measurement  of  each  of  the  elements,  conductivity,  ionic  content,  penetrating 
radiation,  and  radioactive  content,  there  is  involved,  in  some  part  of  the  work,  a  determina- 
tion of  the  rate  of  loss  of  charge  by  some  insulated  system  connected  to  an  electroscope,  and 
usually  several  determinations  of  the  quantity  have  to  be  made.  It  is  customary  in  such 
cases  to  read  the  indications  of  the  electroscope  at  equal  intervals  of  time,  and  then  deduce 
the  desired  results  by  making  use  of  a  calibration  curve.  This  method  has  certain  dis- 
advantages ;  one  has  either  to  rely  on  the  constancy  of  the  calibration  curve,  a  procedure 

*See  G.  C.  Simpson  and  C.  S.  Wright,  Pfuc.  R.  Soc.  A.,  vol.  85,  p.  182.  1911. 
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not  very  desirable  in  the  case  of  the  Einthoven  electroscope,  or  he  must  make  a  fresh  cali- 
bration curve  each  day.  Again,  the  computational  work  involved  in  the  construction  and 
use  of  such  curves  is  considerable  when  much  work  has  to  be  done.  For  these  reasons  the 
general  principle  has  been  adopted  of  always  noting  the  time  taken  by  the  fiber  of  the 
electroscope  in  passing  between  two  fixed  readings  on  the  scale  of  the  electroscope.  The 
electroscope  system  is  in  each  case  connected  to  a  potentiometer  system  used  in  connection 
with  a  voltmeter,  so  that  the  electroscopes  may  be  charged  to  any  desired  potential.  On  the 
completion  of  the  main  observations  the  fixed  readings  referred  to  are  reproduced,  by  charg- 
ing the  electroscope  with  the  potentiometer,  and  the  corresponding  readings  in  volts  are 
read  off  from  the  voltmeter.  This  throws  the  constancy  of  indications  on  the  voltmeter,  an 
instrument  which,  both  as  regards  the  stage  of  its  development  and  the  nature  of  its 


Fio.  21. — Wiring  Scheme  for  the  Atmoepherio-Electrio  Houae  on  the  Carnegie. 

design,  is  such  as  to  maintain  a  higher  degree  of  constancy  than  is  required  in  atmospheric- 
electric  work.  The  voltmeter  used  is  a  minature  Weston  instrument,  with  ranges  of  3 
volts  and  150  volts,  and  the  potentiometer  system  is  obtained  by  utilizing  an  adjustable 
resistance.  Theoretically  one  potentiometer  system  would  be  sufficient  for  all  the  electro- 
scopes; but  in  view  of  the  difficulty  of  even  standing  still  when  taking  observations  in 
a  heavy  sea,  it  is  desirable  to  put  the  matter  of  convenience  of  manipulation  in  the  fore- 
ground, and  a  separate  potentiometer  system  is  attached  to  the  base  of  each  of  the  four 
electroscope  systems  in  use  in  the  observatory.  Only  the  voltmeter  is  common  to  all  the 
systems,  and  this  is  fixed  to  the  wall  in  a  position  convenient  for  observation  from  all  parts 
of  the  room. 

Figure  21  gives  a  diagrammatic  sketch  of  the  wiring  arrangements  for  the  potentiometer 
systems,    il ,  J3,  C,  and  D  are  the  electroscopes  for  the  conductivity  apparatus,  ion-counter, 
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penetrating  radiation  apparatus,  and  ionization  chamber  of  the  radioactive-content 
apparatus  respectively.  H^  J,  J,  and  L  are  the  corresponding  potentiometer  systems,  V 
is  the  voltmeter,  and  £7  is  an  earthed  connection.  The  keys  Ki  and  h  serve  to  connect  A 
to  the  potentiometer,  Kt  and  kt  serve  for  B  and  so  on.  The  reversing  switches,  k^  kt,  kt,  k^f 
enable  the  electroscopes  to  be  charged  with  either  sign  of  electricity.  Since  the  electroscope 
A  requires,  as  we  shall  see,  the  150-volt  range  on  the  voltmeter,  it  must  be  separated  there- 
from by  a  separate  switch  S.  The  operation  of  the  system  will  be  clear  from  the  figuro«  and 
it  will  not  be  necessary  to  describe  it  in  greater  detail.  The  electroscope  systems  are 
suspended  from  gimbals  and  each  is  provided  with  a  small  glow  lamp  and  switch  for  use  at 
night,  and  a  spirit-level  of  convenient  sensitivity.  It  is  possible  by  means  of  the  levels  to 
guide  the  instruments  by  hand  so  that  they  aro  sufficiently  vertical  when  readings  of  the 
electroscopes  aro  made. 

The  method  which  is  usually  employed  for  measuring  the  conductivity  of  the  air  ia 
that  due  to  Gerdien.  In  this  method  air  is  drawn  by  a  fan  through  the  space  between  two 
concentric  cylinders,  the  central  member  of  which  is  charged  and  connected  to  an  electro- 
scope. The  theory  of  the  instrument  shows  that  so  long  as  the  velocity  of  the  air-current 
is  large  enough  to  insuro  that  the  central  cylinder  is  unable  to  extract  from  the  air  all  of  the 
ions  which  it  attracts  as  the  air  passes  through,  the  rate  of  loss  of  charge  by  the  cylinder  is 
independent  of  the  air  velocity.  It  depends  only  upon  the  conductivity  contributed  by  the 
ions  of  sign  opposite  to  the  charge  on  the  central  cylinder.  Under  these  conditions,  treating 
the  apparatus  as  portions  of  length  { of  two  infinitely  long  concentric  cylinders  of  internal 
and  external  radii  u  and  r«  respectively,  Gerdien  deduced  the  expression^ 

4Tx|--L^l=%loglL  (2) 

l21ogr./rJ      r     ^Fj 

for  the  unipolar  conductivity  X  corresponding  to  the  particular  sign  of  ions  involved.  In 
this  formula  Ci  is  the  capacity  of  the  whole  apparatus,  including  the  electroscope,  and  T 
is  the  time  taken  for  the  potential  of  the  central  cylinder  to  fall  from  Vi  to  F2.  This 
formula  is  inaccurate  in  that  it  neglects  the  finite  extent  of  the  cylinders  and  moro  particu- 
larly the  influence  of  the  rod  supporting  the  central  cylinder.  If,  however,  the  quantity 
1/2  log  (Va/ri) ,  which  here  corresponds  to  the  capacity  of  the  concentric  cylinders  under  the 
above  assumptions,  be  replaced  by  the  measured  capacity  Ct  of  the  concentric  cylinders, 
including  the  portion  of  the  supporting-rod  which  is  exposed  to  the  air-current,  the  formula 
becomes  exact^  in  the  form 

4TXC,=^log^  (3) 

For  since  the  rate  of  supply  of  electricity  to  the  apparatus  as  a  result  of  the  conductivity 
of  the  air  is  ^irXCtV,^  we  have 

-Ci^=4tXC2F  (4) 

at 

which  integrates  to  (3). 

In  the  work  on  the  Carnegie  the  potential  drops  aro  small,  and  the  differential  form  (4) 
is  the  more  convenient  one  for  use.  A  formula  allowing  for  leakage  during  the  experiment 
can  most  conveniently  be  deduced  as  follows. 

Suppose  that  the  fall  in  potential  of  the  insulated  system  in  the  small  time  r  is  6  V, 
corresponding  to  0  divisions  alteration  in  deflection  of  the  electroscope.  Suppose,  also,  that 
the  alteration  of  deflection  in  the  same  time,  as  a  result  of  leakage,  with  no  air-flow,  is  €. 

^Terr.  Mag.,  vol.  10,  pp.  6^71,  1905  »Sec  W.  F.  G.  Swann,  Terr.  Mag.,  vol.  19.  pp.  81-88.  1914. 
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Then  the  total  loes  of  electricity  in  the  time  r  is  CiiV,  and  the  loss  by  leaki^^  is  CitiV/B,  or 
if  we  call  ( the  time  which  the  apparatus  would  require  to  leak  through  the  range  6V,  the 
leakage  term  is  CiTiV/L    Thus  from  (4) 

C,«F(T-'-r»)-4TXC,V  (5) 

A  determination  of  t  is  made  just  before  the  first  and  just  after  the  last  of  the  determina- 
tions of  r  corresponding  to  each  set  of  observations  for  the  unipolar  conductivity,  and  the 
mean  value  t~J  of  t~'  is  used  in  the  formula.  It  is  easy  to  see  that  the  mean  of  the  recip- 
rocals rather  than  the  reciprocal  of  the  mean  should  be  used.  In  determining  the  leakage 
term  it  is  desirable  to  make  observations  over  a  range  of  potential  in  the  neighborhood  of 
the  midpoint  of  the  small  rai^  SV,  and  the  value  substituted  for  V  in  (5)  should  be  the 
mean  value  corresponding  to  this  range. 


Fia.  22. — DUcnun  of  Conductivity  Appantu*. 

In  order  that  the  theory  of  the  apparatus  may  apply  properly,  it  is  necessary  that  the 
air-flow  shall  be  sufficiently  great,  and  it  is  desirable  tlut  it  shall  take  place  for  a  longer 
period  than  is  readily  possible  with  clockwork  devices.  For  this  reason  tiie  fan  is  run  by  a 
small  electric  motor  driven  by  a  30-volt  battery.  A  diagrammatic  view  of  the  conductivity 
apparatus  is  shown  in  Figure  22.  The  supporting-rod  A  of  the  central  cylinder  rests  in  a 
brass  socket  fixed  in  the  amber  plug  S,  and  the  amber  phig  is  contained  in  a  brass  tube 
supported  from  the  brass  wall  BB  by  three  brass  struts.  The  uppw  part  of  the  apparatus 
is  inclosed  by  the  box  CC,  the  ^ole  of  wMch  is  above  the  roof  of  the  obeervatoiy.  To  the 
bottom  of  the  box  is  fastened  a  brass  ring  which  can  turn  in  a  fixed  ring  aerewed  to  the  roof, 
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thus  enabling  the  apparatus  to  be  turned  to  the  wmcL  The  movable  farasB  ring  eameB  a 
gimbal  qrstem  wfaidi  supports  the  dectroeoope  qnrtem,  so  that  the  latter  remains  vedioal 
as  the  ship  indines.  The  wure  IT  passes  througji  a  hole  in  a  serew  E  in  the  amber  piece  O, 
and  by  adjusting  the  screw,  coincidence  can  be  secured  between  the  point  of  intersection 
of  flie  gunbal  axes,  and  the  point  at  which  the  wire  bends  as  the  ship  indines.  It  was  ascer- 
tained experimentally  that  the  change  in  configuration  resulting  from  tilt  was  not  sufficient 
to  alter  appreciably  the  electrical  capacity  of  the  system. 

The  air,  after  being  drawn  through  the  q>ace  between  the  cylinders,  passes  in  the  direc- 
tion of  the  arrows  P  down  into  the  observatory,  whence  it  escapes  from  the  windows  at  all 
parts  of  the  room.  Thus,  air  which  has  lost  its  conductivity  in  passmg  between  the  con- 
centric cylinders  is  prevented  from  entering  the  apparatus  again.  Thefunneled  opening  H 
can  be  readily  removed  when  observations  are  completed,  and  the  apparatus  may  then  be 
covered  with  the  box  seen  in  Plate  22,  Figure  1,  on  the  roof  of  the  observato^ 
the  figure.  During  leakage  tests,  the  entrance  to  the  concentric  cylinders  is  closed  by  a 
wooden  disk  and  the  exit  by  a  diutter  0. 

It  win  be  seen  that  the  main  source  of  leakage  in  the  apparatus  is  across  the  amber 
supports  S  and  G,  Bigure  22.  Quite  recently  these  supports  have  been  replaced  by  two 
insidators,  each  of  which  is  divided  into  two  parts  by  a  guard-ring  B  maintained  at  the 
potential  to  which  the  dectroscope  is  charged  at  the  beginning  of  the  observations.  Thus 
leakage  occurs  only  as  a  result  of  departure  from  that  potential,  and  hence  is  very  small. 
The  dectroscope  itsdf  is  not  provided  with  a  guard-ring,  but  its  inflation  can  be  protected 
more  thoroughly  than  that  of  the  amber  supports  8  and  0. 

The  method  of  recording  the  observations  and  of  calculating  the  results  will  be  imder^ 
stood  by  a  reference  to  the  exanoqpleon  page 308.  One  determination  of  (say)  X+is  made 
as  indicated  in  the  example,  and  comprises  two  observations  of  r .  This  is  tiien  followed  by 
a  determination  of  X.,  comprising  4  observations,  and  finally  by  another  determination  of 
X^  comprising  2  observations.^  The  mean  of  the  two  values  of  X4.  is  then  taken  as  the  vahie 
appropriate  to  the  mean  time  of  the  whole  experiment.  Days  on  which  there  were 
2  determinations  of  X.  and  1  of  X+  alternated  witii  those  on  wUxh,  there  were  2  determi- 
nations of  X+  and  1  of  X..  The  conductivity  observations  were  carried  on  simultaneoudy 
with  those  of  the  ionic  numbers  in  a  manner  which  will  be  clear  when  the  determination 
of  the  latter  element  has  been  described. 

IONIC  CONTENT. 

The  usual  method  of  measuring  the  ionic  content  of  the  atmosphere  is  that  due  to 
Ebert.  It  will  be  remembered  that  in  this  method  a  stream  of  air  is  drawn  by  a  fan  through 
a  cylindrical  condenser,  the  inner  cylinder  of  which  is  connected  to  an  dectroscope  charged 
(say  positively)  to  about  200  volts.  If  T7  is  the  volume  of  air  flowing  through  the  cylinder 
during  the  experiment,  S  V  the  fall  in  potential  in  that  time,  e  the  ionic  charge,  n.  the  number 
of  negative  ions  per  c.  c,  and  C  the  capacity  of  the  whole  instrument,  then  if  the  potential 
of  the  inner  cylinder  is  sufficient  to  result  in  all  the  negative  ions  being  caught,  we  have 

One  of  the  chief  defects  of  the  method  is  the  fact  that  the  time  necessary  to  obtain  a 
measurable  alteration  dV  in  the  dectroscope  is  rather  long,  amounting,  according  to  some 
authorities,  to  as  niUich  as  30  or  40  minutes.^  This  not  only  accentuates  errors  due  to 
leakage,  but  it  introduces  uncertainties  owing  to  the  variation  of  the  ionic  density  during 
the  time  of  the  experiment.    The  reason  for  the  downess  of  the  method  of  course  lies  in  the 

'Since  the  method  of  reoording  the  obeervatioDs  ia  the  eeme  for  each  eet,  only  one  set  is  shown  in  the  example  on  page  996. 
*See  O.  C.  Simpson  and  C.  S.  Wright,  Proe,  B,  8oc,  A,  yoL  86,  p.  188  1011. 
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fact  that  if  we  employ  an  electroscope  which  is  to  measure  200  volts  on  its  scale,  it  obviously 
can  not  show  very  much  movement  for  a  small  alteration  of  potential  of  say  1  volt. 

In  the  apparatus  which  was  devised  to  overcome  the  above  difficulties^  the  central 
cylinder  is  connected  to  the  fiber  of  a  single-fiber  electroscope  which  can  be  adjusted  to  any 
convenient  sensitivity.  For  land  observations  a  sensitivity  of  about  20  divisions  per  volt  is 
convenient,  but  at  sea  a  somewhat  smaller  sensitivity  (about  5  to  10  divisions  per  volt) 
is  more  desirable.  The  potential  of  the  fiber  is  never  allowed  to  depart  far  from  zero  poten- 
tial, and  the  necessary  field  is  obtained  by  insulating  and  charging  the  outer  cylinder  to 
about  150  volts.  On  releasing  the  fiber  from  earth  it,  of  course,  starts  to  move,  and  the 
rate  of  movement  can  be  noted.  The  leakage  correction  becomes  reduced  to  a  very  small 
amount  owing  to  the  small  departure  of  the  system  from  zero  potential  during  the  experi- 
ment. In  order  to  prevent  the  charge  on  the  outer  cylinder  from  affecting  the  number  of 
ions  coming  to  the  apparatus,  the  cylinder  is  shielded  by  another  cylinder  separated  from  it 
by  a  thin  hard-rubber  ring.  This  latter  cylinder  is  earthed,  and  as  it  takes  a  charge  equal 
and  opposite  to  that  on  the  cylinder  next  to  it,  it  to  a  great  extent  annuls  the  effect  of  that 
cylinder.    It  by  no  means  does  so  com-  ^ 

pletely,  however,  even  when  the  two  cylin- 
ders in  question  are  separated  by  no  more 
than  1  mm.  We  can  easily  see  why  this 
is  so,  for  though  it  is  difficult  to  estimate 
the  exact  distribution  of  forces  around  the 
mouths  of  the  cylinders,  we  can  easily  see 
that  since  a  point  such  as  F,  Figure  23, 
which  is  inside  the  charged  cylinder,  is  at 
— 150  volts,  and  a  point  such  as  D,  which  is 
outside,  is  at  about  zero,  the  ions  which  get 
inside  will  have  to  do  so  in  opposition  to  a 
field  corresponding  to  a  fall  of  potential  of 
150  volts  in  a  comparatively  short  dis- 
tance. If  the  velocity  of  the  air-current 
falls  below  a  certain  minimum  value,  ob- 
viously no  ions  will  get  inside.  For  the 
usual  air-currents  employed,  however,  the 
effect  is  to  diminish  the  number  of  ions 
entering.  This  difficulty  is  one  which 
shows  itself  very  materially  in  practice,  as 
appeared  when  experiments  were  made  to  test  it;  it  is,  however,  completely  overcome  by 
the  device  shown  in  Figure  23,  A. 

The  figure  shows  the  top  end  of  the  apparatus,  B  and  Care  the  two  outer  cylinders,  and 
E  is  the  top  of  the  central  rod.  E  carries  a  collar  attached  to  three  wires  which  in  turn 
support  a  thin  hollow  cylinder  G.  A  cap  H  fitting  over  the  entire  end  of  the  apparatus  is 
fitt^  with  a  piece  /  which  just  goes  inside  the  top  of  G,  from  which  it  is  electrically  sepa- 
rated by  an  amber  ring  R.  This  ring  is  fixed  at  the  top  of  G  on  the  inside,  and  is  prevented 
from  falling  down  by  a  little  shoulder  turned  on  the  brass.  By  this  arrangement  G  is  kept 
from  shaking,  and  it  will  be  seen  that  air  at  z^ro  potential  outside  can  now  get  well  inside 
without  having  to  pass  through  a  point  different  from  zero.  Any  repulsive  influence  of 
the  cylinder  B  on  the  ions  as  they  come  near  the  lower  end  of  G  can  only  result  in  their 
being  turned  sideways  and  caught  by  6,  and  this  produces  no  error,  since  G  is  connected 
dectrically  to  E. 


C    8 


Fio.  23. — Diacnun  Illustrating  Attachment  to  Upper  End  of 

Central  Rod  of  Ion-Counter. 


iSee  W.  F.  G.  Svrann.  7«rr.  Mag^,  vol.  10.  pp.  171-176.  1914. 
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The  fan  and  air-meter  attached  to  the  apparatus  are  of  the  same  type  as  those  supplied 
by  Messrs.  GOnther  and  Tegetmeyer,  witii  the  usual  Ebert  apparatus;  the  deetroeoope  is, 
however,  as  already  stated,  of  the  single-fiber  type,  and  is  adjusted  to  a  sensitivity  of  from 
6  to  10  (Uvisions  per  volt. 

In  Pbte  22,  Figure  2,  to  the  left  of  the  figure,  are  shown  the  dectrosoope  system,  fan,  and 
meter.  A  box,  containing  the  battery  for  the  plates  of  the  dectroscqpe,  is  attached  to  the 
base  of  the  apparatus,  and  the  whole  instrument  is  suspended  from  a  gimbal  qrstem. 
Hie  open  end,  which  is  shielded  by  a  hood,  projects  throned  a  hole  in  the  roof  of  the 
observing-house. 

In  making  the  observations,  the  fiber  is  rdeased  from  earth,  and  is  allowed  to  move 
over  a  fixed  range  of  the  scale  of  the  electroscope  as  in  the  conductivity  observations,  the 
meter  readings  during  the  transit  of  the  two  marks  being  noted.  Apparent  leakage  may 
result  from  two  causes,  a  true  leak  arising  when  the  fiber  departs  from  sero  potential  and 
small  alterations  in  the  potential  of  the  battery  during  the  experiment.  The  former  effect, 
which  is  in  general  very  small  for  the  small  potential  increase  of  the  fiber,  is  at  any  instant 
proportional  to  that  increase,  while  the  latter  is  independent  of  it.  Provided,  however, 
that  the  ^'apparent  leakage"  correction  is  determined  when  the  fiber  is  charged  to  the  mid- 
point of  the  fixed  range,  we  need  not  concern  ourselves  with  any  distinction  between  the 
two  types  of  effects. 

U  C  is  the  capacity  of  the  apparatus,  and  SV  the  magnitude  of  the  fixed  range,  n  the 
ionic  density,  e  the  electronic  chaj^,  and  W  the  air-flow  during  the  movement  over  the 
range  SF,  we  have 
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potential  in  the  leakage  experiment. 

If  ( IS  the  time  which  would  elapse  during  the  entry  of  CSFunits  of  dectridty  into  the 
apparatus  by  apparent  leakage,  the  potential  being  maintained  constant,  we  have  CiV^ 
neW+CdVr/ty  and  if  o)  is  the  quantity  of  air  which  would  flow  through  the  apparatus  in 
the  time  t,  r/t = TT/w,  so  that^ 

€ 

The  procedure  with  regard  to  taking  alternate  readings  for  n^  and  n.  is  exactly 
analogous  to  that  adopted  for  the  conductivity,  and  for  each  set  the  mean  value  of  W'^  for 
the  set  is  used  in  the  formula,  as  also  the  mean  of  the  values  of  ca"^  obtained  at  the  beginning 
and  end  of  the  set.  The  results  are  recorded  as  in  the  example  shown  on  page  398,  the 
relation  between  the  air-flow  and  meter-reading  being  obtained  from  data  supplied  with  the 
meter.  It  will  be  noticed  that  the  tables  for  recording  the  conductivity  and  ionic  content 
bear  a  strong  resemblance  to  each  other,  a  fact  of  considerable  advantage. 

In  view  of  the  suspicion  which  naturally  attaches  to  the  indications  of  any  small  meter 
operating  on  the  fan  principle,  arrangements  have  been  made  during  the  latter  part  of 
1916  to  recalibrate  this  instrument  aboard  ship  from  time  to  time. 

Before  making  the  leakage  tests  with  the  conductivity  apparatus  and  the  ion-counter, 
the  fans  are  allowed  to  draw  air  through  the  instruments  for  5  minutes,  so  that  the  insulat- 
ing material  may  attain  that  degree  of  dampness  which  it  will  have  during  the  experiment. 


^It  will  be  oboerved,  from  the  mode  of  deduction  of  this  fonnula,  thmt,  when  the  apparent  leakage  aots  in  the  same 
as  the  ions  entering  the  apparatus,  w  is  to  be  inserted  as  a  positive  quantity.    In  the  usual  case,  however,  where  the  leakage  is 
a  true  one,  »  is  negative. 
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The  fans  are  then  stopped,  and  the  first  leakage  tests  are  made  simultaneously  for  the  two 
instruments.  The  fans  are  then  started  again,  the  conductivity  apparatus  is  charged  to  its 
appropriate  potential,  and  the  ion-coimter  fiber  is  released  from  earth.  The  time  of 
passage  of  the  right-hand  fiber  of  the  conductivity  apparatus  across  its  first  fixed  mark  is 
then  noted,  and  when  the  ion-counter  fiber  has  reached  its  first  mark  the  meter  is  read. 
When  the  ion-counter  fiber  has  gotten  to  its  second  fixed  mark  the  meter  is  again  read,  and, 
the  fixed  range  for  the  conductivity  apparatus  having  been  previously  chosen  so  that  the 
fiber  of  this  instrument  is,  by  this  time,  approaching  its  second  mark,  the  time  is  noted 
when  that  mark  is  reached.  The  conductivity  apparatus  is  then  recharged,  the  ion-counter 
is  earthed,  and  the  operation  is  repeated,  and  so  on.  In  this  way  the  observations  of  the 
ionic  content  are  carried  on  simultaneously  with  those  for  the  conductivity  and  so  provide  a 
means  for  determining  the  corresponding  specific  velocity,  which  is  recorded  on  the  same 
form  as  the  conductivity  and  ionic  content. 

PENETRATING  RADIATION. 

For  the  measurement  of  this  element  a  copper  vessel  of  about  27  Uters  capacity  is 
employed ;  it  is  provided  with  a  central  rod  which  is  insulated  from  the  vessel  by  an  amber 
plug  and  connected  to  the  fiber  of  a  single-fiber  electroscope.  A  potential  of  about  150 
volts  is  applied  to  the  vessel  and  the  ions  of  the  corresponding  sign  produced  therein  are 
driven  to  the  central  rod,  so  that  on  releasing  the  fiber  of  the  electroscope  from  earth,  it 
commences  to  move  at  a  rate  determined  by  the  rate  of  production  of  the  ions  in  the 
vessel.  The  principle  of  noting  the  time  taken  by  the  fiber  in  moving  over  a  fixed  range  is 
adopted  here  as  in  the  other  instruments  and  the  observations  are  recorded  as  in  the 
example  given  on  page  399.  The  quantity  sought  is,  of  course,  the  number  of  pairs  of  ions 
produced  per  cubic  centimeter  per  second  in  the  closed  vessel. 

The  insulating  plug  which  supports  the  rod  is  divided  into  two  parts  by  means  of  an 
earthed  guard-ring,  so  that,  since  the  apparatus  is  not  subjected  to  air-currents  from  out- 
side, leakage  may  be  taken  as  negligible.  Indeed,  leakage  may  be  entirely  eliminated  by 
starting  observations  with  the  fiber  charged  in  such  a  sense  that  it  crosses  the  zero  during 
the  observations,  for  it  may  then  be  arranged  that  the  fiber-readings  which  are  chosen  as 
the  bases  of  the  measurements  lie  at  equal  distances  on  each  side  of  the  zero.  The  copper 
vessel,  which  is  hermetically  sealed,  was  thoroughly  cleaned  on  the  inside  before  it  was 
installed. 

In  order  to  avoid  movements  of  the  fiber  of  the  electroscope  resulting  from  variations 
of  the  potential  applied  to  the  large  vessel,  an  additional  attachment  has  recently  been 
incorporated.  This  attachment  comprises  a  cylindrical  piece,  which  is  in  electrical  con- 
nection with  the  central  system,  and  is  surrounded  by  an  insiUated  hollow  cylinder  which 
does  not  touch  it.  Although  the  volimie  of  the  attachment  is  small,  the  capacity  of  the 
portion  inclosed  by  the  hollow  cylinder  is  comparable  with,  and  may  be  made  nearly  equal 
to  the  capacity  of  the  portion  of  the  rod  surroimded  by  the  large  vessel.  The  two  ends  of  a 
megohm  are  connected  respectively  to  the  large  vessel  and  to  the  outer  cylinder  of  the 
attachment,  the  mid-point  of  the  megohm  being  connected  to  the  case  of  the  electroscope. 
A  battery  of  300  volts  is  also  connected  to  the  two  ends  of  the  m^ohm.  It  will  be  obvious 
that  imder  these  conditions,  and  when  the  capacities  above  referred  to  are  adjusted  to 
equality,  fluctuations  of  the  battery  potential  may  take  place  without  affecting  the  potential 
of  the  insulated  system.  The  result  is  the  same  as  if  the  battery  did  not  fluctuate.  In 
the  laboratory,  Swann  has  used  this  method  with  success  for  producing  the  equivalent  of 
a  battery  constant  to  1  part  in  10,000,000  or  more. 
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RADIOACTIVE  OONTCNT  OF  THE  ATMOSPHERE. 

In  former  work  on  the  ooean,  and  in  much  of  the  wtffk  which  has  been  done  <m  land, 
attempts  have  been  made  to  obtain  relatire  eetimatOB  of  the  amount  of  active  material  in 
the  atmoBphera  1^  the  method  devised  by  Elster  and  CScitd.  This  method  suffets  from 
various  disadvantages  in  req)eet  cl  the  indefiniteness  of  Ihe  meaning  to  be  attached  to  its 
Tesulta/  and  evoi  imder  the  most  favcnable  conditions  it  can  not  be  said  to  afford  a  very 
satisfactory  meUiod  of  estimating  the  radioaetxve  ocmteat. 

Undoubtedly  one  of  the  best  methods  of  determining  tiie  radium-emanation  content 
of  the  atmo^here  is  that  involving  the  absorpti<Hi  of  the  onanation  from  the  air  by  char^ 
ooal,  with  a  subsequoit  determination  of  the  amount  absorbed.    The  time  required  ffir 
this  operation,  liowever,  and  the  nature  of  tiie  apparatus  necessaiy,  is  such  as  to  render  tiie 
method  impracticable  for  use  aboard  ship.    Tlie  method  at  jtresent  en^lt^ed  tm  Uie 
Comegie  consists  in  drawing  air  between  two  concentric  cylinders,  the  central  one  of  which 
is  charged  negatively  to  such  a  hi^  potential  that  all  of  tiie  active  camera  altering  tiie  con- 
centric cylinders  are  broiight  to  tiie  central  system.    The  saturation  current  proiduced  in 
an  ionisation  chamber  by  the  active  deposit  collected  in  a  ^ven  time  is  measured.    This, 
combined  with  a  knowledge  of  the  air  flow  during  the  coUection  of  tiie  depomt,  enables 
the  amount  of  active  matorial  per  cable  meter  of  fur  to  be  estimated, 
if  one  asnimes  a  knoiHedge  <rf  the  nature  of  the  depomt,  which  latter 
can  be  obtiuned  from  the  form  of  tiw  decay  curve.    The  general  prin- 
c^^Ie  of  this  method  has  been  used,  in  one  form  or  another,  by  several 
investigators  on  land,  and  tiie  <^iief  modifications  introduced  in  the 
presoit  (Qjparatus  have  been  made  with  the  object  of  rendering  the  ^ 

results  more  susceptible  of  accurate  theoretical  interpretation  and 
of  increasing  the  senMtivity  of  the  apparatus  and  its  adaptability  for 
use  at  sea. 

The  collecting  apparatus,  as  at  present  employed,  is  shown  in  its 
essential  features  in  Etgure  24.     It  comprises  a  copper  cylinder  A, 
64  cm.  long  and  about  20  cm.  in  diameter,  with  an  annnometer  at  one 
end  and  a  fan  at  the  other.    The  central  system  conasts  of  an  insu- 
lated wooden  cylinder  B,  12  cm.  long  and  12  cm.  in  diameter,  sup-     ^?j.|?*""^^*'?£!^  ^ 
ported  by  a  rod  passing  tiirough  its  axis  and  insulated  from  it  by       iudi^«tfva-C(»it«nt 
sulphiu-,  S.     The  surface  of  the  wooden  cylinder  is  covered  with        App«»ni*. 
copper  foil,  held  on  by  rubber  bands,  and  It  is  on  this  foil  tiiat  the  depout'is  collected. 
Earthed  metal-caps  CC,  attached  to  the  central  rod,  cover  the  top  and  bottom  of  the 
central  cylinder  without  touching  it,  and  insure  that  the  n^ative  charge,  and  consequentiy 
the  active  deposit,  are  confined  to  the  copper  foil. 

A  large  air-current  is  necessary  if  a  large  amount  of  deposit  is  to  be  obtained,  and  in 
order  to  secure  saturation  with  a  reasonably  low  potential  on  the  central  cylinder,  it  is 
necessary  that  the  latter  shall  be  lai^.  A  \ax%e  cylinder,  when  afterwards  introduced  into 
the  ionization  chamber,  so  as  to  form  the  central  system  there,  would,  however,  on  account 
of  the  large  capacity,  reduce  the  sensitivity  in  the  ionization-chamber  measurements. 
For  this  reason,  the  central  system  of  the  ionization  chamber  is  formed  of  a  thin  rod,  and  the 
foil,  after  removal  from  the  inner  cylinder  of  the  coUecting  apparatus,  is  bent  over  and 
made  to  line  the  walls  of  the  ionization  chamber,  with  the  active  surface  facing  inwards. 
In  this  way,  the  foil  does  not  contribute  to  the  capacity  of  the  system.  The  height  of  the 
ionization  chamber  is  about  twice  that  of  the  foil  cylinder,  so  that  the  latter  only  covers  the 
middle  portion  of  the  waU  of  the  chamber,  and  in  this  way  it  is  insured  that  none  of  the  a 
paitides  strike  the  top  or  bottom  of  the  chamber.    Thus,  although  the  range  of  some  of  the 
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a  particles  is  cut  short  by  their  traversing,  for  example,  a  short  cord  of  the  cylinder,  the 
average  reduction  of  range  brought  about  in  this  way  is  a  definite  and  calculable  function  of 
the  radius  of  the  cylind^  and  of  the  true  range  of  the  a  particles.  It  is  independent  of  the 
distribution  of  the  active  material  on  the  foil,  a  point  of  some  importance,  since  the  distribu- 
tion of  active  deposit  on  the  foil  is  by  no  means  uniform. 

The  central  system  of  the  ionization  chamb^  is  attached  to  a  single-fiber  electroscope 
adjusted  to  a  sensitivity  of  5-10  divisions  per  volt,  and  the  potential  is  applied  to  the  outer 
vessel,  the  whole  being  mounted  on  a  gimbal.  The  method  of  allowing  for  leakage  is 
exactly  analogous  to  that  adopted  in  the  case  of  the  conductivity  apparatus,  except  that  it  is 
not  readily  possible  to  make  a  leakage  test  at  the  end  of  the  experiment,  since  the  whole  of 
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Fio.  26. — ^Diagnm  of  Wat«r-I>fopp«r. 

the  internal  surface  of  the  ionization  chamber  is  then  likely  to  be  covered  with  the  dis- 
integration products  of  the  material  originally  collected. 

A  picture  of  the  ionisation-chamber  system  is  shown  to  the  right  of  Plate  22,  Figure  2, 
andin  Plate  22,Figure  3,  will  beseen  the  collecting  apparatus  with  theoutercyUnderremoved 
so  as  to  show  the  central  system.  The  collecting  apparatus  is  mounted  by  itself  aft  of  the 
galvanometer  house,  and  the  fan  for  drawing  the  air  is  worked  by  a  motor.  For  driving 
this  motor  and  the  one  in  the  conductivity  apparatus,  a  3&-volt  battery  of  300  ampere-hour 
Edison  primary  odls  has  been  used,  as  it  has  not  been  practicable  so  far  to  install  an  accu- 
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mulator  battery  and  charging  system.  The  use  of  primary  batteries  renders  it  neeessaiy 
to  eccmomise  on  the  running  of  the  motors  and  so  the  active  deposit  has  been  oolleeted  f w 
only  half  an  hour  each  day. 

For  charging  the  central  system  of  the  collecting  apparatus  a  means  of  obtaining  a 
potential  of  about  2,000  to  4,000  volts  is  necessary.  Zamboni  piles  are  not  suitaUe  for  such 
work  at  sea,  for  th^  fall  very  considerably  in  potential  unless  the  inwilation  can  be  main- 
tained to  a  hi|^  degree  in  all  parts  of  the  apparatus.  A  form  of  Kelvin  water-dropper 
multiplier  has  been  found  most  convenient  for  the  work  in  hand.  Such  an  apparatus 
possesses  the  advantage  that  it  is  not  permanently  inj  ured  by  short  drcuits  or  by  sub j  ection 
to  faulty  insulation  for  long  periods.  In  the  simplest  form  of  water-dropper  a  tank  A, 
Figure  25  (to  the  left),  suppUes  wator  and  forms  a  jet  in  a  cylinder  B,  which  is  insulatedand 
connected  to  one  pde  of  a  battery  C,  whose  other  pole  is  nrthed.  Under  these  conditions 
the  f unnd  D  and  its  attachments  become  charged  by  the  falling  drops,  and  in  practice  the 
potential  of  D  rises  until  the  rate  of  electrical  leakage  over  insulating  material,  etc.,  equals 
the  rate  of  supply  of  elecricity  by  the  drops.  The  latter  quantity  can  be  increased  by 
increasing  the  potential  of  the  battery  C,  but  to  this  there  is  natimUly  a  practical  limit. 
Very  little  is  gained  by  simply  increasing  the  number  of  jets  in  the  oylhider,  for  the  effect 
obtained  is  proportional  to  the  electrical  capacity  of  the  droplets,  and  this  quantity 
increases  very  slowly  with  increase  of  the  number  of  jets  when  the  latter  are  dose  together. 
If,  however,  the  cylinder  B  is  divided  into  a  number  of  separate  conqMurtments,  as  in  Figure 
25  (to  the  right),  and  one  jet  is  allowed  to  break  in  each  compartment,  the  effect  of  the  jets 
should  be  additive,  and  an  apparatus  of  this  kind  was  consequaitly  designed  for  use  on 
the  Carnegie.  Some  tests  carried  out  on  this  apparatus,  by  S.  J.  Mauchly,  showed  that 
the  contributions  of  the  jets  were  strictly  additive,  and  the  apparatus  with  7  jets  and  a 
potential  of  100  volts  on  the  cylindrical  compartments  gave,  on  short  circuit,  a  current  of 
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High  potentials  and  relatively  large  currents  can  also  be  obtained  by  using  Lord 
Kelvin's  double  multiplying  system;  but,  for  the  particular  work  in  hand,  it  was  felt  that 
the  above  method  was  mu<^  more  suitable. 

The  air-flow  is  required  in  cubic  centimeters  per  second,  but  the  anemometer  used 
with  the  apparatus  reads  in  linear  feet.  Apart  from  this,  however,  the  indications  of  an 
anemometer,  when  used  in  a  tube  as  in  the  present  experiment,  are  not  related  in  a  simple 
way  to  its  indications  in  the  open.  It  was  consequently  necessary  to  determine  a  reduction 
factor  k,  to  reduce  the  apparent  indications  of  the  instrument  to  cubic  centimeters  per 
second. 

To  this  end  was  constructed  a  dummy  apparatus  which,  as  far  as  essentials  were 
concerned,  was  of  the  same  geometrical  form  as  the  main  apparatus.  At  the  end  remote 
from  the  anemometer  were  inserted  three  wire  grids,  of  such  a  size  as  to  extend  right  over 
the  cross-section  of  the  cylinder.  The  central  grid,  which  was  of  manganin,  served  as  an 
electrical  heater,  and  the  other  two  grids,  which  were  of  copper,  functioned  as  resistance 
thermometers,  and  were  used  differentially.  The  einergy  supplied  to  the  central  grid  was 
measured  when  the  steady  state  had  been  attained,  and  this  quantity,  combined  with  a 
knowledge  of  the  specific  heat  of  air  and  the  temperature  rise  between  the  outer  grids, 
served  to  give  the  air-flow  in  absolute  units.  It  was  thus  possible  to  calibrate  the  anemom- 
eter under  the  exact  conditions  in  which  it  was  used.  The  actual  observations  concerned 
in  the  determination  of  the  factor  A;  were  made  by  D.  M.  Wise. 

The  observations  are  recorded  as  in  the  example  shown  on  page  400.  The  quantity 
ri  represents  the  number  of  pairs  of  ions  produced  per  second  in  the  ionisation  chamber,  due 
to  the  active  material  which  would  be  deposited  in  an  air-flow  of  1  c.  c.  per  second.  17  is 
recorded  for  various  values  of  the  time  estimated  from  the  conq>letion  of  the  deposition, 
and  serves  as  a  preliminary  quantity  for  use  in  the  subsequent  determination  of  the  radium- 
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emanation  content.  This  determination,  which  necessitates  a  careful  analysis  of  the 
curves  obtained  by  plotting  17  against  the  time,  is  carried  out  at  Washington,  and  is  based 
on  principles  which  will  be  clear  from  the  following : 

THEORY  OF  DETERMINATION  OF  EMANATION  CONTENT  OF  THE  ATMOSPHERE. 

In  attempts  to  calculate  the  amount  of  emanation  in  the  atmosphere  from  an  experi- 
ment dependhig  on  the  collection  of  the  active  deposit,  it  is  customary  to  assume  that  only 
radium  A  is  deposited,  although,  of  course,  the  fact  that  this  radium  A  subsequently 
decays  to  radium  B,  and  radium  C  on  the  wire  is  taken  into  account.  It  is  to  be  remem- 
bered, however,  that  radium  B  and  radium  C  are  also  deposited,  and  it  turns  out,  in  fact, 
that  the  decay  curves  for  the  active  deposit  can  not  be  satisfactorily  explained  by  supposing 
them  to  arise  entirely  from  the  radium  A  deposited.  It  might  be  thought  that  the  products 
radium  A,  radium  B,  and  radium  C,  in  the  present  experiment,  would  be  deposited  in  pro- 
portion to  the  equilibriimi  amounts  present  in  the  atmosphere,  so  that  it  would  be  an  easy 
thing  to  calculate  the  shape  of  the  decay  curve  from  the  theoretical  constants  of  the 
substances.  It  must  be  remembered,  however,  that  the  A,  J3,  and  C  products  combine  in 
part  with  the  negative  ions  in  the  air,  and  to  different  extents,  depending  on  their  decay 
periods.  Those  particles  which  so  combine  natm'ally  lose  in  the  experiment  their  power 
of  being  deposited.  Thus,  in  the  equation  of  the  decay  curves  in  terms  of  the  known 
radioactive  constants,  there  must  appear  3  constants,  to  be  det-ermined  from  the  shape  of 
the  experimental  curve,  and  representing  the  numbers  n«,  n*,  and  tie  of  positively  charged 
atoms  of  radium  A,  radium  B,  and  radium  C  per  c.  c.  of  the  atmosphere.  When  the  value 
of  n«  has  been  determined  on  the  above  lines,  and  in  the  manner  to  be  described  in  greater 
detail  below,  the  total  number  of  atoms  of  radium  A  per  c.  c.  of  the  atmosphere,  including 
those  atoms  which  have  lost  their  charge,  may  be  approximately  determined  by  multiplying 
the  value  of  n«  by  the  correcting  factor  (l+an-ZX^),^  where  a  is  the  coefficient  of  recombi- 
nation of  ions,  and  n_  the  number  of  negative  ions  per  c.  c.  of  the  atmosphere.  Thus  if  E 
is  the  number  of  atoms  of  radium  emanation  per  c.  c.  of  the  atmosphere,  and  Xg  the  decay 
constant  of  the  emanation,  we  have 

^ir-X^(l+a^)n.  (6) 

Of  if  Q  be  the  weight  of  radium  with  which  the  above  amount  of  emanation  would  be 
in  equilibriiun,  and  if  X^  Ls  the  decay  constant  of  radium,  we  have 

0«r^(l+«?^)  (3.7X10-«)  (7) 

AE  Ail 

where  3.7  X 10"^  represents  the  weight  of  an  atom  of  radium. 

Such  a  procedure  neglects  any  thorium  emanation  which  may  be  present;  but  in  view 
of  the  short  decay  period  of  thorium  emanation  there  is  small  likelihood  of  the  existence  of 
any  appreciable  amoimt  of  this  element  far  from  land.  It  is  also  to  be  remarked  that  the 
time  of  deposition  in  the  present  experiments  is  so  short  that  in  any  case  the  shape  of  the 
decay  curve  is  mainly  determined  by  the  radium  emanation. 

>See  J.  Salpeter,  TFien.  Ber„  vol.  118.  p.  1103,  1900,  and  vol.  110,  p.  107,  1010. 


8M  Bapoan  ott  SncuL 

The  method  (tf  oklmilatuig,  firom  the  deoay  earn,  the  nundMr  ol  atom  of  mSaai  A^ 

ndiiim  B,  And  ZMtium  C  in  the  atiooepban,  m  aaidogoBB  to  tint  adopted  bn  the  oaae  of  &• 

obeemtuHU  of  the  third  oruiee  of  the  Carnegie}    Tb»  fcdbwing  noMion  viU  be  adopted: 

Let  X^,  X«,  Xc,  be  the  decay  oonstants  for  the  A,  B,  and  C  pcoduots  of  raditim  emaii»- 

tioa  reqwetiraly;  T  ^  time  of  oEposia 
Let  nj  be  tluB  number  ci  atoms  of  radium  A 
Let  ns  be  the  number  of  atoms  ci  radium  B 
Let  tic  be  the  number  of  at<nmi  ci  radium  C 
Let  ( be  the  tame  at  any  instant  after  the  fad 

the  time  <»0  bong  the  instant  wboi  th 
Let  ^1  be  the  number  of  atonu  of  radium  A 
Let  Nb  be  the  number  of  atoms  oi  radium  B 
Let  Ifc  be  the  number  of  atcansM  radium  Co 
Let  JV^B  be  the  number  d  atoms  of  radium  1 

rai  the  foil  from  radium  A. 
Let  Nc  be  the  number  of  atoms  of  radium  C  on  foil  at  time  t  due  to  thdr  formation 

on  the  fdl  frun  radium  A  via  radium  B. 
Let  No  be  the  number  of  atoms  (tf  radium  C  on  foil  at  tame  f  due  to  formation  from 

the  radfaon  B  dqmrited, 
In  the  present  wuk,  T  is  1,800  eeoonds,  and  the  following  vahiee  are  adopied  for 
Xi,  Xy,  and  Xq: 

X^-8.85XlO-»  X,-4.33X10-*  Xc-5.93X10-* 

Fiooeeding  im  Uues  analogous  to  those  indicated  in  Rutherford's  "RadioaetlvB  8ub- 
stanoes  and  tilkeir  Tramtformaticais,"  pf^ee  426-427,  we  obtain, 

K^A  -  »^(1  -e-^A')e-^At  (8) 

Xo^c-«iXoCoe-V+6e-V+ce-N30  (») 

where 

■  '■ : — r  hmi— ; — rr: : — r  r.i^: — :: .    .  -  ■'     '  — r 


We  also  find 

-X.)(X«- 

-XJ 

(Xi-X.)(Xc-X.) 

""WX*- 

-XcWX.. 

-Xc) 

X.iV. 

-B.{1-. 

B-»«'^e-V 

(10) 

\cfrc 

=ni,(6,e- 

•^.r-c.-V) 

(U) 

ii- 

Xc(l-« 
\alfc- 

Xc- 

X. 

(12) 

If  p,  q,  and  r  represent  the  number  of  ions  produced  by  an  a  particle  of  radium  A, 
radium  B,  and  radium  C  respectively,  then,  remembering  that  radium  B  emits  no  a-particles, 
the  total  rate  of  production  of  ions  v^ch  would  take  place  in  the  ionizatlDn  chamber  as  a 
result  of  the  deposit  on  the  foil,  if  all  the  a-particles  produced  their  full  number  of  ions,  is 

\ANAp+\!Ndr+)^Ndr+>icNdr 

■Sm  W.  F.  O.  Swum,  Ttrr.  Mae.,  toL  30,  pp.  80-48.  ISIS. 
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This  n%lect43  the  ioniution  due  to  the  /S-rays  and  Y-rays  in  the  ionization  chamber;  but 
such  ionisation  is  small  in  view  of  small  range  of  action  available,  in  the  chamber,  for  these 
rays. 

If  we  multiply  the  product  of  the  quantities  W  and  17,  as  defined  in  the  specimen  com- 
putation on  page  400,  by  a  factor  A,  to  allow  for  the  fact  that  some  of  the  a-particles  do  not 
travel  the  whole  of  their  range  in  the  ionisation  chamber,  we  have 

i?TFA=XAAr^p+XciVcvr+Xc^cr+XciVcr  (13) 

In  so  far  as  the  fractional  loss  of  ionization  depends,  in  part,  on  the  range  of  the  a- 
partides,  the  quantity  h  theoretically  depends  upon  the  ratio  of  the  amounts  of  ionization 
from  the  A  and  C  products,  and  this  ratio  varies  with  the  time.  In  practice,  however, 
since  the  radium  A  decays  to  half  its  activity  in  about  3  minutes,  practically  the  whole  of 
the  measurements  depend  upon  the  ionization  by  radimn  C  Thus,  in  the  calculation  of  A, 
which  will  be  explained  later,  the  range  has,  as  an  approximation,  been  taken  as  that  of  the 
radium  C  particles.  This  does  not,  of  course,  imply  that,  at  the  end  of  a  few  minutes,  the 
influence  on  the  shape  of  the  decay  curve,  of  the  radium  A  deposited,  is  lost,  for  the  radium 
A  produces  radiiun  B,  and  this,  while  it  produces  no  ionization,  slowly  grows  into  radium  C 

If  we  now  substitute  in  (13)  the  values  given  by  (8),  (9),  (11),  (12),  putting  in  the 
values  of  the  constants  X^,  X^i  and  Xc  in  the  coefficients  of  tibe  exponentiak;  and  if  we 
fiurther  note  that  the  quantities  njWj  ub/Wj  and  nc/W  represent  respectively  the 
quantities  n«,  n*,  and  n«,  i.  e.,  the  numbers  of  atoms  of  radium  A,  radium  B,  and  radium  C 
in  the  atmosphere,  we  find 

i?=i?i+i?i+i?t  (14) 

^*^^  Aiji =na(1.926-^4<+5.36e-^ii'+4.986- V)  X  10»  (16) 

fcnt=nfc(4.76e-^ii'-4.21e-M)  XIO*  (16) 

fci^=ne(1.56)c-VxlO»  (17) 

Theoretically,  the  values  of  ti«/A,  rit/A,  and  rit/h  can  be  obtained  from  3  points  on  the 
experimental  curve.  Such  a  method  of  determining  the  constants  is,  however,  somewhat 
laborious,  and  not  very  satisfactory  in  the  present  case.  If,  however,  the  curves  for  i^i 
and  17s  are  plotted  with  arbitrary  values  of  njh  and  n»/A,  it  turns  out  that,  for  both  curves, 
the  slope  is  practically  zero  at  ( - 1,320  seconds.  Thus,  the  whole  of  the  slope  of  the  experi- 
mental curve  at  this  point  is  due  to  i}t>  and  consequently  at  ( » 1,320  seconds  we  have,  using 
(14)  and  (17), 

^«-^(1.56)e-i«ii»^xi0» 

which  serves  to  determine  Ut/K  shice  Xo  is  known.  The  curves  may  thus  be  simplified  into 
curves  involving  only  curves  of  the  tyi>es  171  and  qs,  and  the  values  of  njh  and  n%/h  may  be 
more  satisfactorily  determined.  When  n«  has  been  obtained,  the  emanation  content  may 
immediatdy  be  deduced  from  equation  (7). 

The  quantity  h  was  obtained  from  the  following  considerations:  Suppose  Pd9  repre- 
sents the  number  of  a-particles  which,  coming  from  an  area  ds  of  the  foil,  are  initially  shot 
out  within  imit  solid  angle.  The  total  ionization  to  be  expected  from  these  a-particles  is 
P^ds,  if  they  traveled  their  full  range  in  air.  The  ionization  to  be  eq>ected,  under  the  same 
conditions,  from  all  of  the  a-particles  emitted  from  the  element  d%  would  consequently  be 

/o-4irPhi8  (18) 

Now  half  of  the  a-particles  never  succeed  in  leaving  the  metal  foil,  since  th^  are  shot 
directly  into  it,  and  of  the  2TPd8  particles  which  do  leave  the  foil,  a  number  strike  the  wall 
again  before  completing  their  range. 


RBPOsm  ON  Sncuh  BMBMJkacam 

Suppose  that  a  rod  of  Imgth  x  be  imagiiied  supported  at  one  end  on  a  univenal  joint 
at  the  dement  cb,  80  that  the  otiier  end  of  the  rod  may  be  fllkl  ^^ 
ejiinder.  Let  m  be  the  solid  angle  subtended  between  the  tangent  plane  to  the  (^finder  at 
dii,and  the  ocme  traced  out  by  the  rod  as  it  rotates  around  a  nonnal  to  thii  plane,  with  its 
free  end  touching  the  inner  wall  of  the  cylinder.  Then,  knowing  the  radius  <rf  the  cgiinder, 
it  will  obviously  be  possible  to  graphiciJly  determine  ca  as  a  function  of  x.  Again,  if  JK  is 
the  range  of  the  o-partide,  the  loss  of  ioniiation  due  to  the  annihilation  of  the  portion  of 
the  path  from  X  to  £  is  a  function  of  (12 --x)  of  the  same  form  for  or^Mrticles  from 
substances.^  The  form  of  the  function  can  be  determined  from  the  icMiisatiicm  curve  fcnr 
the  orimrtides.  Calling  this  function /(JB—x),  we  thus  see  that  it  ispossible  to  plot/(i2— x) 
as  a  function  of  x,  and  so  of  »;  and,  as  regsrds  the  o-partides  emitted  from  the  demient  ds, 
the  total  loss  of  icmisation  as  a  result  of  the  above  action  is, 


,Cm- 


Pdtl/(£-x)d» 


whereOis  the  vahieof  wforx>«JS.    Thus 


^PdBCfift-. 


I  -  2irrPd8  -Pd»  I /(«  -x)dw 

and  observing  that  I/I^^^l/h,  we  have,  using  (18), 

11      1    /* 

S"2"4;?;J/(*-*)**  (19) 

^th  the  ionisation  chamber  used  it  was  found  tiiat  the  second  member  on  the  right-hand 
side  of  (19)  constituted  a  correction  of  about  18  per  cent  on  /. 

In  view  of  the  large  amount  of  labor  involved  in  analysing  the  curves,  and  of  the 
fact  that  the  amount  of  emanation  when  calculated  was  extremely  small,  it  was  considered 
sufficient  to  combine  the  curves  for  the  separate  days  into  groups  of  about  10.  The  mean 
curve  for  each  group  was  then  drawn  and  the  corresponding  amount  of  emanation  was 
deduced  according  to  the  above  scheme.  For  the  purposes  of  a  statement  of  the  results, 
in  a  more  detailed  but  less  absolute  manner,  the  values  of  the  quantity  ri  corresponding  to 
the  time  3  minutes  after  the  termination  of  the  deposit  have  also  been  shown  in  Tables  79-83, 
for  each  of  the  days  on  which  observations  were  taken. 

RADIOACTIVE  CONTENT  OF  THE  SEA-WATER. 

Attempts  were  first  made  to  estimate  this  quantity  by  evaporating  to  dryness  about 
one  liter  of  sea-water  and  testing  the  residue.  The  chief  difficulty  associated  with  this 
method  lies  in  the  absorption,  by  the  residue  itself,  of  a  large  amount  of  the  a-ray  radiation. 
Some  observations  have  been  made  by  this  method,  but  it  is  now  felt  more  satisfactory  not 
to  attempt  any  actual  determination  of  the  radioactive  content  of  the  sea-water  aboard  the 
vessel,  but  to  forward  the  complete  residues  to  Washington.  Here  they  can  be  redissolved, 
and  their  radium  content  may  then  be  determined  by  the  charcoal  method.  Owing  to  the 
desirability  of  making  all  such  determinations  at  one  time,  this  work  has  been  postponed 
until  the  completion  of  the  Carnegie's  fourth  cruise.  Thus,  no  data  for  the  radium-emana- 
tion content  of  the  sea-water  are  recorded  in  this  report. 

^Smoe,  if  tbe  number  of  ions  produced  per  unit  length  of  path  be  plotted  agninet  the  dietanoe  from  the  end  of  the  range, 
the  eunre  so  obtained  ia  the  tame  for  all  subetanoes. 
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METEQROLCX^ICAL  OBSERVATIONS. 

The  meteorological  elements  are  det^mined  according  to  well-known  methods,  and  no 
special  mention  of  the  procedure  is  necessary,  further  than  to  record  that  the  relative 
himiidity  was  obtained  by  means  of  a  sling  hygrometer,  the  atmospheric  pressure  by  means 
of  a  mercurial  barometer,  and  the  temperature  by  an  ordinary  thermometer,  with  the 
exercise  of  the  usual  precautions.  A  barograph  and  a  thermograph  are  also  in  use  for  the 
purpose  of  obtaining  continuous  records.  The  meteorological  observations  are  recorded 
as  shown  on  page  401 ,  and  on  the  same  form  is  recorded  also  the  summary  of  the  atmos- 
pheric-electric observations  for  the  day. 

SPECIMENS  OF  OBSERVATIONS  AND  OF  COMPUTATIONS. 

EXPLANATORY  REMARKS. 

The  forms  are  almost  self-explanatory  when  read  in  conjunction  with  the  account 
of  the  method  of  procedure  as  given  on  pages  377-396.  The  letter  d,  over  many  of  the  num- 
bers, indicates  that  these  numbers  are  recorded  in  scale  divisions  of  the  electroscope.  Adja- 
cent to  such  readings  the  corresponding  values  are  recorded  in  volts  when  necessary. 

AimoapheriC'Electric  ObservaHcna:  Potential-OradierU 

(Form  103) 


Statum:  At  sea 
Date:  Jan.  15. 1016 
IfutrumefU:  P.  G.  A.  2 


Lot:  54?3  S 
ConCd^r:  J.  P.  A. 
WaUh:  70 


Ltmg:  326?8  E 
OktV:  I.  A.  L. 


Watch 
Time 

Electroscope  Readingii 

Vi(0 

iiO 

V- 

Left 

Right 

Sum 

Left 

Right 

Sum 

h     m 

d 

d 

d 

M>Ito 

d 

d 

d 

vciU 

oott« 

10    08 

54 

42 

06 

30 

31 

61 

10    00 

53 

47 

100 

10    10 

48 

45 

03 

10    11 

45 

40 

85 

10    12 

47 

43 

00 

10    13 

47 

41 

88 

10    14 

43 

41 

84 

32 

20 

6i 

10    15 

40 

41 

00 

10    16 

46 

42 

88 

10    17 

47 

88 

85 

10    18 

42 

38 

80 

10    10 

40 

40 

80 

32 

20 

6i 

10    20 

42 

38 

80 

10    21 

42 

37 

70 

10    22 

40 

38 

78 

10    23 

54 

47 

101 

33 

28 

6i 

10    24 

48 

41 

80 

10    25 

52 

45 

07 

10    26 

43 

37 

80 

10    27 

57 

48 

105 

MfMUl 

80 

126.6 

61 

82.5 

44.1 

k       m 

Mean  value  V-Fm-44.1  vohs. 

Ship's  Chronometer 

12    23.8 

Reduction  factor  to  reduce  to  volts  per  meter,  B-2.8. 
Potential  gradient,  X-BF«- +123  volts  per  meter. 

Corr'n  on  G.  M.  T. 
G.  M.  T. 

-  0.3 

12    14.5 

Long. 

2    12.7 

Mean  watch  time-10^  17-5;  local  mean  time-  10^  37". 
Remariu:     Position  of  sails:     Boom  over  pcxt  crutdi, 

L.  M.  X. 

10    01.8 

mainsail  down. 

No.  70  reada 

0    42.7 



Corr'n  < 

MlL. 

M.I 

r. 

+10.1 

^F|«poteDtial  of  dkk  after  fised  movesMOt. 
'il^awdDiaiy  potsntial  on  aleelioseope;  it  is 
oppoiite  to  that  of  F. 


takea  as  positive  when  Hs  sign  is 
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Rbfobts  on  Spbcul  Rmodabghm 


In  the  obflervations  of  the  potentialrgmdieiiti  the  positions  erf  both  fibers  of  the  eleetro- 
soope  are  reoordedi  and  are  designated  in  the  form  by  ''left''  and  "rii^t,"  respeotivel^. 
Space  is  provided  for  the  conversion  to  volts  of  each  of  the  readings  so  obtained.  When, 
however,  over  the  range  used,  the  scale  of  the  electroscope  is  suflfidently  linear  as  rpgards 
potential  variations,  it  is  suffident  to  deal,  as  in  the  example  ipven,  with  the  means  of  the 
scale  differences,  and  convert  these  to  potentials. 

Atwumplimo'EUelrie  Obmrvaibmi:  lanie  Centtnt,  Cmidudimiif,  and  Sp^e^lc  Frioe^ 

(PavmiOl) 

Sktim^  At  sea  Lak  64?86  8  Long:  826?8  E 

DM:  Jan.  16, 1916  Cam'd^r:  J.  P.  A.  OfteV:  H.  F.  J. 

/fuf:I.C.laiidC.A.3  ITafdk:  106 


Ionic  Content  (ions  per  o.  o.;  aicn  +) 

Condnethfity  (sign  +) 

Meier 

AM  tot 

eiiangef 

IF-* 

Began  main  obs'nslm 

URbt  fint  leak-iest/^' 

End  main  obt'na  be-\m 

fofeseoondleak-testr' 

Mean  wateh  time,  Tn 
Loeal  mean  time 

k      m 
10    08.0 

10    10.0 

Wateh  time 

r 

T^ 

Wateh  tune,   T,         10    06.0 
"       "      Tt         10    10.0 

Meui,         Tm       10    00.5 
ComotMA  on  L.M.T.  +19 

Loeal  mean  time          10  26 

d 
2010 

2186 

96 

M.8XlO-» 

k     m     9 
10    08    60 

05    60 

120 

8.88X10^ 

2800 
2886 

86 

106.0  XlO-» 

10    06.6 
10    26 

10    07    80 
09    16 

105 

9.62X10^ 

#i-initisl  reading  of  deetvo- 

o 
soope-45 

did    d 
9  -4lt-40-6 

SSfttSOftSMlfs 

lF-104-98-11 

d         d         d 
^-48.2-43.0-0.2 

^-42.7-42.6-0.2 

k  m    9      h   m    9      9 
^-10  01  40-10  00  00-100 

/^^PA^  W-IO  11  80-100 
l|-»-0.4X10-«L  -J    AAV1IM 
li-i-0.4X10-«r*    "®*X^^ 

d    softs 

A^ 0 

§-2.25 

#-#i-|-42.5          F,-98.5 
F'-Fi-il-98.5volts 

-1.70X10^ 

d     d         d 
#-47-49- -2.0 

lF-0.46-0.06-0.40 

d         d        d 
•1-48.1-48.0-0.1 

lb-47.4-47.8-0.1 

h  m   9      k  m   9      9 
M-10  01  60-10  00  10-100 

iilb-10  18  20-10  11  40-100 
«|-»- J(M)-»-  -0.6X10^1  ^. 

«,-»-5(A«"»-  -0.6X10^1  ■"^•*^^^* 

9                                         J 

p— time  in  sec.  for  1  c.  c.  air  to 

flow  through  inst.-7X10~*  s.; 

ti^-»-p<ii|-»--8.5X10-» 
C -capacity  of  ion  counter 

-32.1  cm. 

CiV 
n  -  No.  of  ions  per  c.c.  "^^  (Wm~^ 

-t«^-i)-948 

Mean-IFm-» 

100.4X10-^ 

Mean  -  Tm~^ 

8.92X10-* 

Specific  velocity  (sign  +)  "^''^OOne  " ^  •  ^  ^^-  P®^  seccmd  per  yott  per  cm. 

Definitions:  9 -fibor  movement  in  scale  divisions;  5V -value  of  0  in  voHe;  TF-total  air-flow  in  c.  c;  e-deetronic  charge- 4.8X10"^ 
B.8.u.;Ci -capacity  whole  apparatus;  d- capacity pc^on  exposed  to  air-current;^ -mean scab-readmg during fdltf;  Fi-vahia 
of  #  in  volts;  F'-mean  potential  central  conductor  during  tall  $:  A  -auxiliary  potential  applied  to  case  of  electroaoope;  it  is 
taken  as  positive  when  its  sign  is  opposite  to  that  of  V:  $i  and  9t  -  alterations  in  scale  readings  m  the  times  M  and  d^,  rmpteiifitf, 
during  the  leakage  tests  at  the  beginning  and  end  of  the  expenment;  r  -  time  for  fiber  to  pass  over  range  9. 

'For  an  ezpUnation  of  the  formulii  see  pages  384-389. 
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Atnumphmc-Electrie  ObservaHcns:  Pen^troHng  Radiation 

(FormlOA) 


SiaHan:  At  tea 
DaU^hin.  15.  1916 


Lot:  54?3  8 
C<m*d^r:  J.  P.  A. 
Watch:  70 


Loim:  326?8  E 
CWr:  H.  F.  J. 


Watch  Time 


h  m  9 
11  89  15 
11  42  30 


11  44  20 
11  51  00 


11  52  15 
11  58  15 


12  02  10 
12  07  30 


12  07  50 
12  12  55 


Means 


11»»  56-1 


9 

105 


400 


360 


320 


305 


-I 


5.13X10-* 


2.50X10^ 


2.78XlO-« 


3.12X10-* 


3. 28X10-* 


RemarkB 


d         d        d 
#-40.0-48.0-1.0 
ffdU     voUt     voltM 
aF-0.17-0.56-0.39 


Very  rough  'ea 


3.36X10-' 


12^  1^— local  mean  time 

f— fixed  alteration  in  scale  divisions 
<F— fixed  alteration  in  volts 
C— opacity  of  qrstem -9.8  cm. 

•—electronic  charge— 4.8X10"^*  E.8.U. 
(/— volume  of  apparatus — 21 . 6  X 10*  c.c. 
R  — numbor  of  purs  of  ions  produced  per 

c.  c.  per  second—  ^nrt  f/^  -4.22 


Ship's  Chronometer 
Corr'n  on  Q.  M.  T. 


G.  M.  T. 

Long. 

L.  M.  T. 

Watch  70  reads 

Corr'n  on  L.  M.  T. 


h     m 
12    23.8 
-  9.3 


12    14.5 
2    12.7 


10    01.8 
9    42.7 


-1-19.1 
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Akmmphme'Bkelne  ObmrvaHoni:  Radioaetive  CmUmU 


SUiAom:  At  tea 
Dak:  Jan.  15. 1016 

Lot:  54?3S 
fiifl:  R.  C.  A.  4. 

Lana:  326?8E 
Cmid^r:  J.  P.  A. 

(Mr:  H.  F.  J. 

Set  number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Watch  70 
For  fint  scale-reading 
For  scale  dianged  by 
fixed  amounts 

r«*tiine  taken  in  sec. 
fort 

Ck>Uection  of  deposit 

Bonn  at  Ti 
^dedatTs 

Mean  Ti  and  7t«T«i 
L.  M.  T. 

h   m    9 
11  17  05 

11  21  35 

m    9 
23  15 

28  50 

m    9 
30  15 

37  00 

m   9 
38  25 

47  25 

m    9 
48  50 

59  05 

k   m    9 
12  01  15 

12  13  15 

m    9 
14  30 

28  05 

m    9 
29  15 

44  10 

m    • 

m    9 

ffi    • 

m    9 
! 

270 

335 

405 

540 

615 

790 

815 

895 

Watch  time 

AT 

Meter  reads 

13 

14 

15 

16 

17 

18 

19 

20 

k     m 

10  44 

11  14 

1,800 

feei 
11,500 
48,100 

10  50 

11  18 

AAr-36,600 

d      d           d             voftt    voftt     fottf 
#-48-49- -1.0     lF-0.35-0.11-0.24 

«K-Male  alteration  for  leak  test 

d        d        d 
-48.1-48.1-0.0 

M  "time  change  for  9i 

k   m    9     k    m    9       9 
-11  12  10-11  02  10-600 

(i^.^(A(i)-i  atbeginningofeiiMrinieot-O.G 

i;-faetor  to  ledaoo  AM  to  e.o.-5000. 

Means  eorresponding  to  a  sin^  point  of  the  decay  curve 

Sets  number 

Itol 

2to2 

3to3 

4to4 

5to5 

6to6 

Mean  r-r» 

k     m 

11  19.3 

f 

270 

0.0087 

0.0037 

0.73 

k     m 
11  26.0 

9 

385 

0.0080 
0.0030 

0.59 

k     m 
11  33.6 

9 

406 
0.0025 
0.0025 

0.49 

k     m 

11  42.9 

• 

540 

0.0018 

0.0018 

0.35 

k     m 

11  54.0 

t 

615 

0.0016 

0.0016 

0.31 

k    m 

1207.2 

• 

720 
0.0014 
0.0014 

0.27 

fW  ^auMHiw    in    CO.    i 
-fc^lfifAr- 102X10 

scope -12. 0  cm. 
e -electronic  charge -4 
Watch  oorr'n  on  local  m 

.8Xl0rMl»4 

can  time:  4 

lelectro- 

I.U. 

0^19-1 

f -number  of  pairs  of  kms  produoed  per  second  in  the  ioniiatiop  diamber,  due  to 
the  aetiYe  material  iHiich  woukl  be  deposited  in  an  air-floir  of  1  c.e.  per  second. 
9t— value  9  3  minutes  after  end  of  collection  of  deposit -0.76 
Remarks: 

In  the  above  observations  on  the  radioactive  content  of  the  atmosphere,  the  times 
at  which  the  fiber  crosses  the  fixed  marks  are  recorded  in  columns  1-20.  In  exceptional 
cases,  where  a  large  amount  of  active  material  is  collected,  one  can,  in  a  short  time,  make 
several  determinations  of  the  quantity  r.  In  such  cases  it  is  possible  to  group  the  observa- 
tions in  columns  1-20  about  certain  mean  times,  so  that  several  of  the  observations  may 
have  their  share  in  the  determination  of  each  point  of  the  curve  actually  drawn  for  iy. 
For  this  purpose  is  employed  the  table  headed  "Means  corresponding  to  a  single  point  of 
the  decay  curve."  In  general,  however,  as  in  the  example  cited,  the  amount  of  active 
material  collected  is  so  small  that  it  is  not  possible  to  adopt  this  scheme,  and  the  intervals 
Tm  recorded  are  the  same  as  the  intervals  r. 
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Daily  Summary  of  Atmogpheric-Eledrie  and  Meiearoloffieal  ObBervaHans 


Station:  At  sea 
DaU:  Jan.  15,  1916 
V€9$el:  Carnegie 


Weather:  o 
Cowne:  E  i  S 
S0a:R 


(Form  110) 

Lai:  54?3  S 
Cam'dW:  J.  P.  A. 
Wind:  W  by  8,  6 


Lang:  326?8E 

Oh$y$:  H.F.J.  and  I.A.L. 

RcU  or  Hed:  lO""  8.  10*  p. 


Summary  of  Atmospheric-Electric  Observations' 


Local 
Mean 
Time 


h      m 
10    42 


Ions  per  c.  c. 


Positive 


n, 


926 


Negative 


839 


Conductivity 


Positive 
K 


K.  8.  U. 

1. 72X10-* 


Negative 


B.  8.  IT. 

1. 47X10-* 


Specific  Velocity 


Positive 


1.32 


Negative 


1.25 


n^/n^  - 1 .  10  Potential-gradient  X  ->  +123  volt/meter 

X^.4-X--3. 19X10-*  B.  8.  u. 

Air-earth  current-density --2^±J^]^  -1.31  XlO"*  B.  8.  u. 

oXlU* 

•o  ■■  value  of  i|  corresponding  to  time  3  minutes  after  completion  of  deposit* «  0 .  80 

/{"■number  of  pairs  of  ions  produced  per  c.  c.  per  sec.  —4.22 

Remarks: 


Meteorological  Summary 


Local 
Mean 
Time 


h     m 
11    09 


Thermometer  readings 


Wet 
bulb 


3.0 


Dry 
butt) 


4.0 


Differ- 
ence 


1.0 


Relative 
Humid- 
ity 


per  cent 
85 


Mean 


Pressure 


Barom. 


ffim. 
740.1 
741.2 
739.4 
740.3 


740.2 


Att. 

Therm. 

C. 


10.1 


Remarks 


Clouds:  Cu-N,  10 


^As  pointed  oat  on  page  380,  the  mean  values  of  the  oonduetivity,  ionie  content,  and  speoifie  velocity  m  h«e  recorded 
•re  obtained  on  the  baas  of  3  sets  <4  observations.    In  the  example  on  page  306,  however,  only  one  set  is  shown. 

*9«" number  of  pairs  of  ions  produoed  per  second  in  the  ionisation  ohamber  due  to  the  active  material  which  would  be  de- 
posited in  an  air-flow  of  1  e.e.  per  seooad. 


TABLES  OF  RESULTS  OF  ATMOSPHERIC-ELECTRIC  OBSERVATIONS  ON 

CRUISE  IV  OF  THE  CARNEGIE. 

EXPLANATORY  REMARKS. 

The  following  definitions  will  explain  the  meanings  to  be  attached  to  the  symbols  at 
the  heads  of  the  tables: 

P  B  atmospheric  pressure  in  millimeters  of  mercury,  corrected  for  z&ro  error  of 

barometer,  temperature  and  latitude; 
T»  temperature,  in  degrees  centigrade; 
J7s relative  himiidityi  expressed  as  a  percentage; 
n^  and  n.  »  respectively,  the  numbers  of  positive  and  negative  ions  per  c.c. ; 
X^.  and  X. «     unipolar  conductivities  in   e.s.u.  X 10"^,  for  positive  and  negative   ions 

respectively; 
v^  and  v^  » specific  ionic  velocities,  in  centimeters  per  second  per  volt  per  centimet^, 

for  positive  and  negative  ions  respectively; 
X  "=  potential-gradient  in  volts  per  meter; 
ts  air-earth  current  density  in  e.s.u.  X 10"^; 
i2«rate  of  production  of  pairs  of  ions  per  c.c.  per  second  in  a  closed  copper 

vessel  of  27  liters  capacity; 
rio  3=  number  of  pairs  of  ions  produced  per  second,  in  the  ionization  chamber  of 

the  radioactive  content  apparatus,  3  minutes  after  the  completion  of  the 

deposition,  and  corresponding  to  the  active  material  which  would  be 

deposited  in  an  air-flow  of  1  c.  c.  per  second;  and 
Q = radiimi-emanation  content  in  curies  X 10""  per  cubic  meter.    Values  of  Q 

less  than  0.05  are  recorded  as  0.0.    There  is,  of  course,  no  proportionality 

between  770  and  Q,  since  the  latter  quantity  involves  the  shapes  of  the 

experimental  decay-curve. 

The  wind  strengths  are  estimated  on  the  Beaufort  scale,  and  the  weather  indications 
according  to  the  U.  S.  Weather  Bureau's  instructions  for  marine  observers;  the  degree 
of  cloudiness  is  indicated  by  the  nimibers  0  to  10. 

The  quantities  under  the  heading  Q  have  been  obtained  as  explained  on  pages  393-396. 

The  decay  curves  for  the  sets  of  daily  observations  have  been  divided  into  groups  of 
about  10,  and  the  mean  curve  has  been  constructed  for  each  group.  These  mean  curves 
have  then  been  used  for  the  calculation  of  the  corresponding  values  of  Q.  The  braces 
under  Q  in  the  tables  serve  to  indicate  the  periods  to  which  correspond  the  values 
recorded  between  them. 

On  December  9,  1916,  the  Carnegie  crossed  the  180-degree  meridian,  which  explains 
why  this  date  appears  twice  in  the  tables. 
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Tabix  79.— Atmospheric-Elednc  RetuUa,  Brooklyn  to  Colon,  MartA  It-tS,  1915. 


Tablb  90.—Atmoapherie-Btedrie  BetuUt,  Balboa  to  Honolrilu,  April  IS-May  90, 1916. 


Tablk  %\.—Almo&fherie-Bledrie  Remltt,  Honobdu  to  DutA  HaHwr,  Jul^  4~19, 1916. 
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Table  Si.—Almoaphme-SUarie  RwuUt,  Dtitth  Harbor  to  LyUtUon,  Avguat  e-Normbtr  t,  1916. 


ATifospHEBic-Eux:TRic  Observationb,  1915-16  4 

Table  83. — Atmotpherie-Eleetric  Retidta,  LyttelUm  to  South  Owrgia,  and  Return  to  LytUiion, 
.  1916-March  SI,  1916. 


DISCUSSION  OF  RESULTS  OF  CRUISE  IV  OF  THE  CARNEGIE. 

The  present  compilation  and  distniesion  concerns  iteelf  primarily  with  the  Cetmegie'a 
fourth  cruise,  but  in  so  far  as  it  includes  a  comparison  of  the  data  with  those  of  fonaer 
obserrers,  it  also  serves  as  a  general  review  of  the  present  statiis  of  ocean  atmospheric- 
electric  observations. 

The  resiilts  for  the  daily  determinations  of  the  various  elemente  are  recorded  in  Tables 
79-83,  each  table  corresponding  to  one  leg  of  the  cruise.  Apart  &om  the  observations  on 
the  diurnal  variations,  Uie  measurements  were  always  taken  about  the  same  time  of  day. 
The  times  recorded  in  the  tables,  which  are  local  mean  times,  refer  to  the  mean  times  during 
the  determinations  of  the  potential-gradient,  conductivity,  and  ionic  content,  and  the 
mean  of  these  times  for  the  whole  cruise  through  March  1916  is  9^7.  The  observations 
for  the  three  elements  refored  to  extended  over  a  period  of  about  three-quarters  of  an  hour, 
the  collection  of  the  active  material  occurring  during  the  last  half  hour  of  the  period,  or 
occasionally  after  the  completion  of  the  period.  The  measurement  of  the  penetrating 
radiation  followed  immediately  after  the  determination  of  the  other  elements,  and  it  will  be 
sufficient  to  look  upon  the  determinations  of  this  element  as  coire^Mnding  to  a  mean  time 
one  hour  later  thaJi  the  times  recorded  in  the  tables.  The  observations  for  the  diurnal 
variations  are  not  shown  in  the  tables,  but  will  be  discussed  separatdy. 

Tabli  S4. — ifcon  Vahiei  of  Atmoiptttrie-Sleelrie  EUmtnU,  Unoometmi  for  Dimnal  VariaUm. 


The  mean  values  of  the  quantities  for  each  passage  of  the  cruise  are  recorded  in  Table  84. 
The  number  of  daily  sets  of  observations  involved  in  the  determination  of  each  mean  is 
shown  by  the  figures  in  parentheses,  and  in  takingthe  means,  each  observation  has  been  given 
equal  weight.  This  was  felt  to  be  the  fairest  plan  on  the  whole,  since  any  attempt  to  weight 
the  observations  according  to  such  conditions  as  the  extent  of  the  roll  of  the  ship,  for 
example,  would  implicitly  involve  attaching  small  weight  to  those  observations  corresponding 
to  high  strengths  of  wind.  One  set  of  computations  was  carried  out  for  the  first  three  rows 
in  Table  84,  weighting  the  observations  according  to  the  magnitude  of  the  leak  correction ,  as 
the  determination  of  this  correction  seemed  to  be  one  of  the  main  sources  of  error  in  the 
earlier  sets  of  observations,  although  the  correction  was  usually  zero  in  the  later  observa- 
tions. Only  in  the  case  of  the  voyage  from  Brooklyn  to  Colon,  for  which  there  were  very 
few  values,  and  where  the  means  were  largely  controlled  by  one  or  two  abnormal  values, 
was  any  appreciable  difference  produced  in  the  mean  by  this  method  of  treatment. 

Although,  in  view  of  the  wide  range  of  variation  in  the  Atlantic-Ocean  values  of  the 
conductivity  and  ionic  content  (see  Table  79),  no  great  weight  is  attached  to  these  values 
as  representative  of  normal  conditions,  it  must  be  pointed  out  that  the  close  agreement 
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of  the  values  of  if+  and  v_  wiUi  those  obtained  from  the  other  passages  of  the  cruise  is  evidenoe 
in  favor  of  the  reliability  of  the  observations.  It  is  further  worthy  of  notice  that,  of  the 
Atlantio-Ocean  values  recorded  in  Table  84,  more  than  half  werq  obtained  in  the  land- 
locked Caribbean  Sea,  and  the  remainder  just  to  the  nortJi  of  the  West  Indies.  The  results, 
therefore,  while  abnormal  as  Atlantic-Ocean  values,  are  in  harmony  with  those  of  the 
Carnegie's  first  and  third  cruises'  in  indicating  low  values  for  the  ionic  content  and  con- 
ductivity in  the  regions  of  transition  between  sea  and  land. 

The  desirability  of  basing  the  potential-gradient  reduction  factors  on  several  deter- 
minations made  under  different  conditions  has  abeady  been  emphasized  on  page  382.  It  is 
not  often  that  one  can  find  a  location  which,  from  a  topographic^  point  of  view,  is  suitable, 
and  on  this  accoimt  the  reductions  of  the  potential-gradients  to  absolute  values  have  been 
made,  thus  far,  on  the  basis  of  only  one  set  of  determinations  of  these  factors,  made  in  Colon 
Harbor,  April  2,  1916.  Thus  the  absolute  values  may  be  liable  to  some  change  as  the 
accumulation  of  otiier  determinations  renders  available  more  reliable  vahies  of  the  reduc- 
tion factors.  There  is,  however,  no  reason  to  believe  that  any  conmderable  error  attaches  to 
the  pres^it  factors. 

On  glancing  at  Table  84,  it  appears  that,  with  the  exception  of  the  values  of  the  con- 
ductivity and  ionic  content  for  the  Atlantic  Ocean,  there  is  a  much  greater  tmifonnity  in 
the  values  of  the  varioiu  elements  at  different  parts  of  the  globe  than  is  the  case  with  land 
values.  In  support  of  this  remark  Tables  86-89  and  Table  92  are  given,  showing  a 
collection  of  kuid  values  obtained  at  different  times  and  in  differmt  localities. 

Tabli  S6.— tfeon  Yalutt  of  Atmotpheno-Sketrie  EUmmU  Corrteled  for  Diurnal  VarioHoM. 


The  more  complete  discussion  of  the  diurnal  variation  over  the  ocean  is  taken  up 
below,  but  it  will  be  desirable  here  to  anticipate,  to  some  extent,  the  results  for  the  purpose 
of  reducing  the  observations  to  the  daily  mean  values.  This  reduction  has  been  made  in 
Table  85,  in  which  the  quantities  have  been  grouped  into  two  sets — those  corresponding 
to  observations  on  the  Pacific  Ocean  over  the  course  Balboa-Honolulu-Dutch  Harbor-Port 
Lyttelton,  and  those  corresponding  to  the  circumnavigation  cruise  in  the  sub-Antarctic 
Oceans  between  latitudes  60°  and  60°  south.  For  brevity,  the  former  group  is  designated 
"Pacific"  group,  the  latter  "sub-Antarctic"  group.  Takhtg  the  case  of  the  quantity  n^ 
for  the  purpose  of  illustrating  the  nature  of  the  reduction,  the  mean  value  of  all  the  times 
of  determination  for  the  "Pacific"  values  was  9^,  the  diumal-variation  observations 
themselves  b^ng  omitted,  and  the  mean  value  of  n_  corresponding  to  the  time  9^6  was 
846.  The  daily  mean  value  of  n+*  and  the  9^6  vahie  as  obtained  from  the  diunal-varift- 
tion  curve  were  respectively  810  and  840,  so  that  multiplying  846  by  810/840  we  obtun  the 
daily  mean  value  811  recorded  in  Table  85. 

This  method  of  procedure  depends  on  the  assumption  that  the  diurnal-variation  curves 
are  of  the  tame  f mm  for  the  two  portions  of  the  cruise  referred  to,  but  it  appeared  on  draw- 

>aM  pM«  887  ud  ST5. 
•FbaiMui  tinw  Uvoo^oot  tiM  I 
tUnmat-THfetka   ' 


406 


RiPOBTB  ON  Spscial  Bmbmamcemb 


ing  the  curves  for  these  two  seetioiiSi  making  use  of  saeh  observatiaos  as  were  availablei 
^at  this  as8iinq>tum  was  approodmately  justified.  If  an  atteiiq[>t  were  made  to  utiliie 
the  diurnal-variation  curves  for  separate  seetions  of  the  c^^ 

in  which  the  form  was  determined  by  observations  on  a  comparatively  small  number  of 
days,  and  such  a  procedure  was  not  deemed  desirable.  In  any  ease,  the  use  of  the  mean 
diurnal-variation  curve  for  the  whoU  period  involved  is  rouf^bly  justified  for  the  correction 
of  the  mean  values  over  that  period.  The  diurnal-variation  curves  wece  obtained  only  for 
X,  n^.,  and  12,  and  in  the  reductions  made  in  Table  86,  it  has  been  assumed,  as  an  appR^^ 
tion,that  the  form  of  the  curve  would  be  practically  the  same  for  114.  as  for  n.yX^.,  and  X.. 
This  assumption  is,  of  course,  only  a  rou|^  ^pprazimation,  for,  among  other  things,  it 
attributes  no  diurnal  variation  to  fi+/n.;  but,  as  will  readily  be  appreciated,  it  was  not 
practicable  to  carry  out  cooDoplete  diurnal-variation  determination  of  all  the  elements. 

In  Table  85,  tibe  Atlantic-Ocean  values  from  Broddyn  to  Colon  have  been  omitted 
because  it  is  felt  that  the  observations  there  were  too  few  m  number  to  render  them  cbar- 
acteristic  of  the  whole  ocean.  Further,  as  already  stated,  the  vessel  was  relatively  near 
land  when  these  observations  were  taken,  so  that  from  this  stan(^int  also  the  data  can 
hardly  be  considered  as  tjrpical  of  ocean  values.  As  a  matter  of  fact,  the  induskm  of  these 
values  in  the  total  means  would  hardly  affect  tJie  result  in  view  ol  thenr  small  number. 
It  will  be  seen  that  there  is  no  marked  difference  between  the  means  for  the  Pacific  and  sub- 
Antarctic  Oceans,  and ,  indeed,  the  quantities  representing  tiie  mean  of  the  mean  values  for 
each  of  these  regions  are  sensibly  the  same  as  the  dbect  means  for  the  whole  set. 

It  is  of  interest  to  compare  the  values  recorded  in  Table  86  ?rith  mean  values  obtained 
by  other  observers,  on  land  and  sea.  Tables  8&-02  contain  a  collection  of  values  obtained 
by  various  observers  in  different  localities.  They  have  been  drawn  largely  from  pages 
20&-209,  and  page  256  of  the  article  by  E.  von  Schweidler  and  K.  W.  F.  Kohlrausch  on 
"  Atmosphfirische  Elektrisit&t  und  des  Magnetismus"  (a  section  from  vol.  3  of  ''Handbuch 
der  Elelrtrisitftt  und  des  Magnetismus,''  edited  by  L.  Graets) .  Some  of  the  values  recorded 
as  land  values  were  really  measured  over  lakes,  but  excqpt  in  the  case  of  lakes  of  large 
area,  the  characteristics  which  control  such  measurements  may  reasonably  be  supposed  to 
be  those  of  the  land« 


CQLLECriON  OF  LAND  AND  OCEAN  VALUES  OF  ATMOSPHERIC-ELECTRIC  ELEMENTS  AS 

OBTAINED  BY  VARIOUS  OBSERVERS  IN  DIFFERENT  LOCALITIES. 

Tabub  86.— /onic  CaiUtfU  (Land  Valuu). 


Obeerver 


LQdeling. . . . 

LQdeliiig 

Schweidler... 
Sehweidler... 

£bert 

Ebert 

Simpeon 

Gockel 

Wagner 

Hees  and  von 
Sensel. 

Domo 

Daunderer... 

SporanBld 

Kohlrausch. . 

Bemdt 

Dobson 

Dobeon 


Place 


SwinemCknde 

Potsdam 

Seewalchen  (Up.  Austria) 

Mattsee  (Salsburg) 

Munich 

Jachenau  (Up.  Bavaria) . 

Karasjok  (Lapland) 

Freiburg  (SwiU.) 


Kalocsa  (Hungary) 
On    the    Danube, 
Vienna. 

Davos 

Aibling  (Bavaria) . . 

Moscow 

Seeham  (Salsburg) . 

Amason 

Kew 


near 


Period 


1904... 
1904... 
1904... 
1905... 
1905... 
1905... 
1904... 
1904-05. 


»»+ 


1909 
1909 


Eskdalemuir. 


1907-10 

Summer  1906 . . . . 

1900-10 

Summer  1912-13 . 


1911-12 


1911-12 


583 
770 
937 
728 
1103 
1271 
792 
708 

1083 
792 

198 
1002 
708 
646 
375 
438 


358 


458 

625 
792 
604 
875 
1625 
687 
521 

832 
708 


854 
625 
625 
354 
321 


183 


J!± 


1.27 
1.23 
1.18 
1.21 
1.26 
0.78 
1.15 
1.36 

1.30 
1.12 


1.24 
1.13 
1.03 
1.06 
1.37 


1.96 


References 


Ergebnisse  der  Met  Beob.  in  Potsdam.  1902.  p.  1.1905. 

Do. 
Wien.  Ber.,  vol.  113,  p.  1433.  1904. 
Wien.  Ber..  vol.  114.  p.  1705.  1905. 
PhjTS.  Zeit..  vol.  6.  p.  614.  1905. 

Do. 
Phil.  Trans.  R.  Soc  A,  vol.  205.  p.  61.  1905. 
Met  Zeit,  vol.  23.  p.  53  and  539.  1906;  vol.  25.  p.  9. 

1908. 
Wien.  Ber.,  voL  118.  p.  1625.  1909. 
Wien.  Ber.,  vol.  120.  p.  139,  1911. 

lioht  und  Luft  im  Hoohgebirge,  Braunschweig.  1911. 

Phsrs.  Zett,  vol.  10,  p.  113,  1909. 

Met  Zeit,  vol.  29,  p.  557,  1912. 

Wien.  Ber.,  vol.  123,  1914. 

Met  Zeit,  voL  31,  p.  446,  1914. 

Geophysioal  Memoirs  No.  7.  vol.  1,  p.  167. 1914.    The 
values  given  have,  however,  been  oorreeted  to  corre- 
spond to  the  value    4.8X10^^;  s.  s.  V.  for  the 
electronic  charge. 
Do. 
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Tablb  97.'-Condu(iwUy  {Land  Valtt€9). 


Observer 


Ciermak.  . 
Qerdien. . . 
Sehweidler. 
SehwekUa'. 
Sehweidler. 
Sehweidler. 
Sehweidler. 
Sehweidler. 
Sehweidler. 
Sehweidler. 
Sehw«dler. 
Sehweidler. 

K&hler 

Bemdt .... 
Domo. .  . . 

Anael 

Simpson . . . 
Wilson... 
McOwan. . 

LuU 

ThaUer... 
ThaUer... 
Kohlrausch 
Bemdt 


Place 


Innsbruck 

G6ttincen 

Mattsee  (Saliburg) 

Mattsee  (SalaburK) 

Seewalchen  (Up.  Austria) 

Mattsee  (Saliburg) 

Ossiachersee  (Carinthia) . 
St.  Gilgen  (Salaburg) . . . 

Seeham  (Salaburg) 

Seeham  (Salaburg) 

Seeham  (Salaburg) 

Seeham  (Salaburg) 

Potsdam 

Argentina 

Davos 

Iceland 

Simla  (India) 

Peebles  (Scotland) 

Edinburgh 

Munich 

Gmunden  (Up.  Austria) . 
GrQnau  (Up.  Austria) . . . 

Sediam  (Salaburg) 

Amaaon 


Period 


1901-^ 

1906 

Summer  1902. 
Summer  1903 . 
Summer  1904. 
Summer  1906. 
Summer  1906. 
Summer  1907. 
Summer  1908. 
Summer  1910 . 
Summer  1911. 
Summer  1912. 

190^-10 

1911 

1910 

1910 

1909 

1906-07 

1909 

1909 

Summer  1909. 
Summer  1913 . 
Summer  1912. 
1913-14 


X_ 


X^.+X_ 


(a.  8.  u.  X10r«) 


1.4 


1 
1 
1 
1 
2 
1 


0 
.6 
6 
4 
4 
8 


1.6 
1.7 
1.6 
1.4 
0.4 
0.6 
1.5 


0.7 
1.4 
1.0 
0.4 


1.3 


1.0 
1.6 
1.3 
1.5 
2.3 
1.5 
1.4 
1.6 
1.6 
1.4 
0.4 
0.5 
1.3 


0.7 
1.5 
0.9 
0.3 


2.7 
2.3 
2.0 
3.2 
2.9 
2.9 
4.7 
3.3 
3.0 
3.3 
3.2 
2.8 
0.8 
1.0 
2.8 
3.0 
5.8 
1.1 
0.4 
0.4 
1.4 
2.9 
1.9 
0.7 


References 


Phys.  Zeit.,  vol.  4.  p.  271,  1903. 
Gdttingen  Naehr.  Ges.  Wiss.,  p.  84.  1907. 
Wien.  Ber..  vol.  Ill,  p.  1463,  1902. 
Wien.  Ber..  vol.  112,  p.  1501,  1903. 
Wien.  Ber.,  vol.  113,  p.  1433,  1904. 
Wien.  Ber.,  vol.  114,  p.  1705,  1905. 
Wien.  Ber.,  vol.  115,  p.  1269,  1906. 
Wien.  Ber.,  vol.  118,  p.  91,  1909. 

Do. 
Wien.  Ber.,  vol.  119,  p.  1839,  1910. 
Wien.  Ber.,  vol.  121,  p.  1297,  1912. 

Do. 
Ver5ff.  Kgl.  Preuss.  Met  Inst  1910.  No.  223. 
Phys.  Zeit,  vol.  12,  p.  1125,  1911. 
Licht  und  Luft  im  Hochgebirge,  Braunschweig,  1911. 
G5ttingen  Naehr.  Ges.  Wiss.,  part  1,  1912. 
Phil.  Mag.  (6)  vol.  19,  p.  723,  1910. 
Proo.  R.  Soe.  A,  vol.  80.  p.  646,  1908. 
Edinburgh  Proc.,  vol.  30,  p.  460,  1909-10. 
Manch.  Ber.,  p.  305,  1911. 
Wien.  Ber.,  vol.  122,  p.  1817,  1913. 

Do. 
Wien.  Ber.,  vol.  123.  1914. 
Met  Zeit,  vol.  31,  p.  446,  1914. 


Tablib  88.— Ai 

iT'Earth  CurrerU'Detmty 

(Land  Value9), 

Observer 

Place 

Period 

• 

t 

(■.8.L.X10-^) 

References 

Ebert 

Locality  of  Munieh . . 
Peebles  (Scotland) . . . 
G6ttingen 

1901 
1906-07 
1906 
1909 
1909 
1909-11 

1909 
1910 
1910 
1912 
1913 

6.1 
6.6 
8.1 
6.4 
3.0 
7.1 

4.2 
9.0 
6.1 
8.3 
9.6 

Phys.  Zeit,  vol.  3,  p.  338,  1902. 
Proe.  R.  Soe.  A,  vol.  80,  p.  537,  1908. 
Gdttingeo  Naehr.  Ges.  Wias..  p.  84,  1907. 
PhiL  Mag.  (6)  vol.  19.  p.  716.  1910. 
MOnch.  Ber.,  p.  305,  1911. 
VerSff.  d.  Kgl.  Prauss.  Met.  Inst.,  No.  223, 
p.  30. 1910;  Phys.  Zeit,  vol.  13,  p.  216, 1912. 
Edinb.  Pftxs.,  vol.  30,  p.  460.  1910. 
GOttingen  Naehr.  Ges.  Wiss.,  part  1.  1912. 
lieht  und  Luft  im  Hodigebirge,  1911. 
Wien.  Ber.,  vol.  122,  p.  137,  1913. 
Arch,  seiene.  phys.  et  nat.,  vol.  36  to  37. 

WUson 

Gerdien 

Simpson. .  r 

SimU  (India) 

Munich    .  . , 

Luts              

K&hler 

Potsdam 

Carse  and  McOwan . . . 
Ansel 

Eidinbursh 

IcfJand 

Domo 

Davos 

Sehweidler 

Seeham  (Salaburg)  . . 
Freiburg  (Swits.) 

Gockel 

Tablb  dQ.Specifie  VdoeUi€9  (Land  Valuer), 


Observer 

Place 

Period 

»^. 

»_ 

References 

\see.'  em.  / 

Oerdien 

G?Vttingen .  .      , 

1903 
1904 

1907 

1906 
1912-13 

1.36 
1.02 
f  0.90 
\  1.20 
0.94 
1.06 

1.63 
1.26 
1.00  \ 
1.30  J 
1.06 
1.06 

Phys.  Zeit.  vol.  4,  p.  632,  1903. 
Phys.  Zeit.,  vol.  6,  p.  71,  1905. 

Met  Zeit,  vol.  26,  p.  9.  1906. 

Phys.  Zeit.,  vol.  10.  p.  113,  1909. 
Do. 

Mache  and  Sehweidler . . 
Goekel 

Seewalehen  (Up.  Austria) . 

Freiburg  (Swita.) 

Aibling  (Bavaria) 

Seeham  (Salaburg) 

DMUiderv 

Kohlrausch 
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Tabu  00.— /Mis  Coirtml  (Oom  Foiiiif). 


ObMrver 

MTWnOQ 

BwotOmmi 

«f 

- 

Erfenneei 

3oltnnftiin 

1006 
1006 
1007 
1006 
1010 
1011 
1012 
1018 

AtlMitk 

818 
468 

687 
806 
770 
687 
1000 
688 

668 

876 
668 
688 

646 
668 

1000 
417 

1.44 

1.88 
1.88 
1.68 
1.10 
1.88 
1.00 
1.40 

Flunk  Seii.,  iroL  6, 9. 188. 1006. 
GOItinan  NMiir.  Qm.  Wim^  1006. 
FUL  ICftg.,  voL  IS.  p.  848b  1007. 
NooT.  Oau,  ynL  16^  p^  6. 1008. 
Fkoe.  a.  8oe.  A,  voL  86, 1^  ITSb  1011. 
Flqn.  Sell.,  yoL  18,  ^  867. 1011. 
Fliyi.  SEeli.,  vol  18, 9. 888. 1018. 
IM.  Mt.  ToL  80^  p.  606, 1018. 

link* ... 

PimMo...   . 

Jtw 

AtUntie 

PIMSBi 

ICadHvnDeui 

AtUnttoaadPMiAe.. 
AtlMitie 

Bbapmm  and  Wri^t. . 
Bemdt 

KnodM 

PMiflo 

Bwndt 

AtUntie 

Tabui  01.-— CofMiiieMly  (Oeeoii  Vdhm), 


Obeerver 

Period 

See  or 
Oeeen 

K 

X. 

Refennoee 

(B.s.u.X10nO 

Dike  (OaliUe) 

1007-08 
1008 

1000-10 

1010-11 
1011 
1011 
1011 
1011 
1018 

1018-18 
1018 
1014 

PeeiBe 

Atlentie. . . . 
AtUntie.... 
AtUntie.... 
Indian. .. 

Fteifle 

Hed 

IndlMi 

PkMlfio 

FMifio 

AtUntie.... 
AtUntie.... 

1.60 
1.10 
1.86 
1.68 
8.81 
0.08 
1.00 
1.68 
1.80 
1.40 
1.01 
1.86 

1.48 
0.06 
1.68 
1.80 
1.07 
0.08 
0.86 
1.88 
1.10 
1.18 
1.68 
1.16 

Teir.  ICeg.,  toL  18,  p.  110. 1008. 

ate.  d.  S^  Ak.  ^I^en.,  yqL  118,  Se,  1000. 

Tenr.  BCac,  voL  16,  p.  88, 1010. 

Ten.  BCac,  toL  10,  pp.  168-170, 1014. 

Do. 
Phye.  Mt..  ▼oL  18,  p.  888, 1018. 
QOttinm,  Neohr.  Qm.  Wkm.,  1014. 

Do. 
TeR.  BCac,  voL  10,  pp.  168-170, 1014. 

Do. 

Do. 
Ten.  BiesH  toL  80,  pp.  44^7, 1016. 

TCfMwmM^mitk 

Kideon  (Cuneiie) 

Kideim  (Cuneiie) 

Kideon  (Cemegie) 

Anflnheieter 

Ancmhfffftfr . , . 

Johneton  (Cuneiie) 

Hewlett  (Cemegie) 

Hewlett  ((^tfnecie) 

JobneUm  (Ceneiie) 

PaiENTIAL<»ADIEKr. 

Table  02  shows  a  oolleetioii  of  land  results  for  the  daily 
gradient  correQ)ondiiig  to  the  whole  year,  as  obtamed  in 
localities.  The  mean  of  these  yahiesis  161  volts  permeteri  and 
the  value  113  volts  per  meter  recorded  in  Table  86|  as  the  mean 
value  for  the  Pacific  and  sub-Antarctic  is  of  the  same  order 
of  magnitude,  though  somewhat  smaller.  Only  on  three  occasions 
during  the  whole  cruise  were  negative  potential-gradients  ob- 
served. These  negative  values  have  been  omitted  in  taking 
the  means. 

As  regards  ocean  values  obtained  by  other  observers,  these 
are  not  very  numerous,  for  many  who  have  made  measurements 
of  the  potential-gradient  on  the  sea  have  obtained  only  relative 
values.  Johnston^  obtained  the  value  93  volts  per  meter  on  the 
third  cruise  of  the  Carnegie  in  the  North  Atlantic  Ocean  in  1914; 
Simpson  and  Wright*  obtained,  in  the  South  Atlantic  and 
South  Indian  Oceans,  values  which  appear  to  show  a  minimum 
of  about  80  volts  per  meter  in  the  ndghborhood  of  12  noon. 
Angenheister"  foimd  values  ranging  from  81  to  112  volts  per 
meter  in  the  Red  Sea,  and  values  ranging  from  75  to  97  volts 
per  meter  in  the  Indian  Ocean,  while  as  early  as  1907,  Dike,^ 
observing  on  the  Galilee^  in  the  Padfic  Ocean,  came  to  the  con- 
clusion that  the  potential-gradient  was  of  the  order  of  magnitude 


vahies  of  the  potential* 

Tabu  02.— Dtt%  Mmm  V^hm 
€f  Urn  P4ilmi»kl€ndimi  Cm^ 
napoNcMNf  to  Uke  Wkoh  Ymr 
{Land  YOmii.^ 


Place 

Potential- 

Qradlent 

▼olt/m. 

Kew 

304 
106 
76 
130 
167 
230 

lao 

65 

KrememQnster. . . . 
Triert 

Munich 

Potedam 

Batavia 

Perplsnan 

*See  E.  von  Schweidler  and 
K.  W.  F.  Kohliaufloh:  Artiele  on 
AlfiUMjiMrMefce  EHMntiUU  (a  eee- 
tion  from  Tolume  3  of  "Handboeh 
der  Elektriiit&t  und  dee  Mesne- 
tiamu8")f  p.  247;  the  Talne  for 
Kew  has,  however,  been  altered  in 
aooordanoe  with  Phil.  Trane.  R. 
Soc.  A,  vol.  216,  p.  140,  1015. 

of  90  volts  i)er  meter. 


'See  page  373. 


*Proc.  R,  Soc,  A,  vol.  85,  p.  175,  1911.  ^Q6Uino9n  Naeh.  Ge9,  Wist.,  1914. 


^Seepage  364. 
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CONDUCTIVITY,  IONIC  CONTENT.  AND  AIR-EARTH  CURRENT-DENSITY. 

Turning  now  to  the  conductivity,  ionic  content,  and  air-earth  current-density,  the  results 
recorded  by  other  observers  correspond  frequently  to  all  sorts  of  different  times  of  the  year 
and  pmods  of  the  day,  especially  in  the  case  of  ocean  values.  Tables  86-80  show  a  collec- 
tion of  land  values,  while  Tables  00  and  01  show  a  collection  of  ocean  values.  The  means 
of  these  values  are  collected  in  Table  03,  and  the  corresponding  quantities  from  Table  85 
have  been  added  for  comparison. 

Tablb  93.— Comporiaofi  of  formtr  Land  and  Ocean  Value*  with  the  Ocean  Valtiee  of  Cruise  IV. 


Nature  of  obMrvations 

»+ 

11^ 

at 

K 

X- 

»+ 

t- 

• 

% 

(■.s.u.X10-^) 

(■.8.u.xi(r<) 

\aec.'  em.  / 

MeMi  of  land  obtenratioiis  obtained  by  varioui  ob- 

737 
804 
736 

668 
677 

688 

1.23 
1.22 
1.28 

1.30 
1.44 
1.44 

1.23 
1.10 
1.20 

1.08 
1.30 

1.22 
1.30 

6.6 
0.6 

Maan  of  ooaan  valuaa  for  the  fourth  eruiae  of  the 
CoTMoie  .                       

Mean  of  former  ocean  Taluee  obtained  by  varioua 
obeeivers 

The  observations  for  v^  and  t;.,  and  for  i,  other  than  those  of  the  present  cruise,  are  too 
few  in  number  to  afford  means  for  the  table. 

It  will  be  seen  that  the  present  values  of  the  ionic  content  are  slightly  higher  than  the 
means  from  other  observers  on  the  ocean  and  the  mean  of  the  land  values.  A  glance  at 
Tables  86  and  00  will,  however,  show  that  the  means  for  other  ocean  observers  and  for  land 
observations  are  means  of  relatively  small  numbers  of  widely  differing  quantities.  On  the 
other  hand,  as  already  stated,  there  is  a  remarkable  constancy  in  the  values  of  the  ionic 
numbers  as  obtained  throughout  the  present  cruise. 

The  very  close  agreement  will  be  noted  between  the  values  of  X^.  and  X.  for  the 
Carnegie^ %  fourth  cruise  and  those  of  former  observers  on  the  ocean. 

It  is  of  interest  to  compare  the  present  values  of  X+  and  X.  with  the  values  obtained  by 
former  observers  on  the  Carnegie  and  OalUee.  We  can  do  this  only  for  the  Pacific  Ocean, 
once,  as  already  stated,  the  fourth  cruise  values  for  the  Atlantic  Ocean  are  probably 
abnonnal.  The  Pacific-Ocean  values  of  X+  and  X.  as  obtained  on  the  former  cruises  of  the 
Carnegie  and  OalUee  are  contained  in  Table  01 .  They  vary  somewhat,  but  the  mean  values 
X^.b1.46X10~^  S.S.U.,  and  X.»1.22X10~^  s.s.u.  are  in  remarkable  agreement  with 
the  corresponding  values  1.46  X 10  ~^  B.8.U.  and  1.24X10^  b.s.u.  given  in  Table  85  as 
the  mean  Pacific-Ocean  values  for  the  Carnegie's  fourth  cruise. 

Practically  the  only  ocean  value  of  the  air-earth  current-density  with  which  to 
compare  the  present  results  is  the  value  7.7  X 10  "''  x.s.n.  obtained  by  Johnston^  on  the  third 
cruiseof  the  Carnegie.    The  latter  value  was,  however,  obtained  in  the  North  Atlantic  Ocean. 

The  value  of  the  air-earth  current-density  for  the  Camegie^s  fourth  cruise  is  con- 
siderably greater  than  the  average  land  value;  a  rather  curious  circumstance  with  reference 
to  the  land  values  must,  however,  be  noted.  The  mean  of  8  land  values  of  the  potential- 
gradi^it  as  obtained  from  Table  02  is  151  volts  per  meter,and  the  mean  of  24  land  values  of 
X++X.  as  obtained  from  Table  87  is  2.4X10*"^  B.8.U.;  we  should  thus  expect  the  mean 
air-earth  current-density  to  lie  in  the  neighborhood  of  2.4X  10*^X1.51/300,  i.e.,  12X10'"^ 
B.S.U.  On  the  other  hand,  the  mean  of  11  land  determinations  obtained  in  different 
localities  gives  the  value  6.5  X  10~  ^  s.8.u.,  recorded  in  Table  03.  The  discrepancy  between 
6.5  and  12  is  so  large,  however,  as  to  suggest  that  at  any  rate  some  of  the  means  for  X^.,  X., 
X,  and  {  as  obtained  from  Tables  87,  88,  and  02,  are  not  truly  representative  of  average 

^See  iMce  878. 
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land  values.    Some  light  is  thrown  on  this  disagreement  when  we  observe  that,  on  land, 

the  values  of  the  air-earth  current-density  have  usually  been  measured  with  the  Wilson 

electrometer/  while  when  the  conductivity  has  be^i  the  main  element  sought,  other  types 

of  apparatus  have  been  more  frequently  used.    There  has  been  conaderable  diversity  of 

opinion  as  to  the  proper  method  of  using  the  Wilson  electrometer,  the  uncertainty  going  so 

far  as  to  have  resulted  in  discussionsof  whether  thereshould  or  should  not  be  a  factor  of  2  in 

the  formula  used.^ 

SPECinC  IONIC-VELOCITIES. 

We  have  very  few  ocean  values  of  the  specific  velocities  with  which  to  conq>are  the 
present  determinations.  Practically  the  only  data  available  are  those  of  Knoche,'  who 
f  oimd  values  in  the  neighborhood  0.05  cm.  per  second  per  volt  per  cm.  in  the  Pacific  Ocean ; 
but  it  would  seem  that  unless  the  conditions  were  exceptional  in  Enoche's  experiments,  this 
value  must  be  subject  to  some  doubt.  The  means  of  the  land  values  as  obtained  from 
Table  89  are  v+  =  1.08  and  v^  — 1.22.  It  is  of  interest  to  notice,  however,  that  the  present 
ocean  values  t;^.  =  1.30  and  v^  — 1.30  are  in  better  agreement  with  laboratory  values  of  the 
specific  velocities  deduced  from  determinations  on  dust-free  air  than  are  the  land  values 
measured  in  the  open.  Thus  the  values  of  v^  and  v.  obtained  by  Zeleny,  for  ions  produced 
by  Rontgen  rays  in  moist  air,  are,  at  14^  C.  and  normal  pressure,  1.37  and  1.51  cm.  per 
second  per  volt  per  cm.  respectively.^  It  is  further  of  interest  to  notice  that  the  ratio 
v^/v^  is  practically  imity  for  the  ocean  values,  whereas  for  the  land  values  it  is  about  0.9. 

It  is  very  probable  that  the  di£ference  between  the  land  and  sea  values  for  the  q>ecific 
velocities  is  attributable  to  the  effect,  on  the  measurements,  of  the  so-called  large  ions 
formed  by  the  imion  of  small  ions  with  dust  nuclei.  The  effect  of  these  large  ions  is  to 
make  the  measured  specific  velocities  of  the  small  ions  come  out  too  small,  and  we  should 
thus  expect  the  measurements  to  lead  to  smaller  values  for  the  specific  velocity  on  land, 
where  there  are  many  nuclei,  than  on  the  ocean,  where  there  are  few.  In  illustration  of  this 
point,  it  may  be  remarked  that  at  Kew,  which  is  in  the  vicinity  of  the  smoky  atmosphere  of 
London,  specific  velocities  are  recorded  as  low  as  0.5  cm.  per  second  per  volt  per  cm.*  It 
would  thus  seem  that  the  sea  values  are  likely  to  be  more  accurately  the  representatives  of 
the  true  specific  velocities  of  the  small  ions  than  are  the  land  values.  When  one  considers 
the  difBculties  connected  with  ocean  observations,  the  comparative  constancy  of  the  sea 
values  as  shown  by  Tables  84  and  85  is  very  encouraging,  and  adds  weight  to  tiie  accuracy 
of  the  determinations  of  both  conductivity  and  ionic  content,  which  are  the  elements  from 
which  v^  and  r_  are  deduced. 

PENETRATING  RADIATION. 

An  examination  of  Tables  84  and  85  shows  a  remarkable  constancy  in  the  value  of  /2, 
the  number  of  pairs  of  ions  produced  per  c.  c.  per  second  in  a  closed  vessel,  and  the  mean 
value  3.8  recorded  in  Table  85  is  in  general  agreement  with  the  results  of  Simpson  and 
Wright,*  who  found  values  of  R  ranging  from  4  to  6  in  the  Atlantic  and  Indian  Oceans. 

The  values  of  R  found  over  land  are  usually  of  the  order  of  magnitude  of  10  or  more; 
and  the  discrepancy  between  the  sea  and  the  land  values  is  readily  accounted  for  by  the  part 
of  the  ionization  which,  in  the  case  of  the  land  values,  is  attributable  to  the  7-ray  radiation 
from  the  radioactive  material  in  the  air  and  soil,  and  to  the  secondary  j3-ray  radiation  which 
this  7-ray  radiation  produces  in  the  walls  of  the  vessel.  These  sources  of  ionization  are 
practically  absent  in  the  case  of  the  ocean  measurements,  for  there  is  very  little  radioactive 
material  in  the  ocean  or  in  the  air  over  it. 

»See  C.  T.  R.  Wilson,  Cambridge,  Proc.  Phil.  Soc.,  vol.  13,  pp.  363-382,  1906. 

*See  G.  Dobeon,  London,  Proc.  Phya.  Soc.,  vol.  26,  pp.  334-346,  1914. 

*Phy8.  Zeit.,  vol.  13,  p.  325,  1912. 

*Phil.  Trans.  R.  Soc.  A,  vol.  196,  p.  193,  1900. 

•See  E.  H.  Nichols,  Terr.  Mag.,  vol.  21,  p.  94,  1916. 

^Proe.  R.  Soc.  A,  vol.  86,  pp.  196-198,  1911. 
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RADIOACTIVE  CONTENT  OF  THE  AIR. 

Former  ocean  measurements  have  concerned  themselves  with  relative  determinations, 
by  the  Elster-and-Geitel  method,  of  the  radioactive  content  over  sea  and  land.  The 
present  method  leads  to  an  absolute  determination  of  the  amount  of  emanation  in  the 
atmosphere,  and  gives  the  value  3.3  X 10  "^  curie  per  cubic  meter  for  the  Pacific-Ocean  deter- 
minations, and  0.4X  10~^  curie  per  cubic  meter  for  the  determinations  in  the  sub-Antarctic 
Oceans.^  The  mean  value  for  the  whole  cruise  through  March  1916,  is  2.2X10'^^  curie 
per  cubic  meter.  Several  absolute  determinations  of  the  radioactive  content  over  land  have 
resulted  in  a  mean  value  of  88X  10~"  curie  per  cubic  meter,'  so  that  the  mean  of  the  ocean 
values  forms  only  2.5  per  cent  of  that  foimd  on  land.  The  results  of  the  present  cruise  are 
in  general  agreement  with  relative  measurements  over  land  and  sea,  in  so  far  as  one  can 
attach  any  meaning  to  these  relative  measurements.  Thus,  in  terms  of  the  arbitrary  unit 
defined  by  Elster  and  Geitel,  linke'  foimd  2.4  and  Knoche^  3.6  over  the  Pacific  Ocean. 
The  mean  of  these  values  is  3.0.  As  typical  values  for  land  stations  we  have  the  following: 
Wdlfenbuttel^  19,  Freibui^  84,  Karasjok^  93,  Hochtal  Arosa^  (Switzerland)  91,  Altjoch  am 
Kochelsee*  (upper  Bavaria)  137.  The  mean  of  these  activities  is  85,  of  which  the  value 
for  the  Pacific  Ocean  forms  about  3.5  per  cent.  The  mean  Pacific-Ocean  value  of  Q  for  the 
Carnegie* s  fourth  cruise  forms  3.8  per  cent  of  the  land  value,  88  X 10  ~"  curie  per  cubic  meter, 
so  that  the  comparison  of  the  absolute  values  on  land  and  sea  is  in  good  agreement  with  that 
of  the  corresponding  relative  values. 

As  will  be  seen  from  Table  85,  the  radioactive  content  for  the  sub- Antarctic  oceans  is 
much  less  than  that  for  the  Pacific  Ocean.  This  result  is  in  harmony  with  the  experience  of 
Simpson  and  Wright/^  who  call  attention  to  the  low  value  (3  Elster-and-Geitel  units),  for 
the  radioactive  content  observed  by  them  along  latitude  40^  S.,  between  the  Cape  of  Good 
Hope  and  Melbourne,  as  compared  with  the  mean  value  (6  Elster-and-Geitel  units)  for 
their  whole  cruise  from  England  to  Melbourne.  The  present  values  for  latitudes  50^-60^  S. 
are,  however,  even  smaller,  in  comparison  with  land  values,  than  are  those  of  Simpson  and 
Wright  for  latitude  40^  S.,  a  point  of  considerable  significance  as  suggesting  a  rapid  diminu- 
tion of  the  radioactive  content  with  increase  of  southerly  latitude. 

The  small  value  of  the  radioactive  content  over  the  ocean  is,  of  course,  in  line  with 
what  might  be  expected  when  it  is  remembered  that  the  radioactivity  of  the  ocean  air  owes 
its  origin  ahnost  entirely  to  the  emanation  transported  by  winds  from  the  land.  Over  the 
small  oceans,  where  the  air  has  on  the  average  passed  more  recently  over  land  than  is  the 
case  with  the  air  over  the  large  oceans,  comparatively  large  values  of  the  radioactive  content 
are  found.  Thus,  in  the  North  Atlantic  Ocean,  Eve^^  foimd  values  of  the  radioactive 
content  of  the  same  order  of  magnitude  as  those  foimd  over  land ;  Hewlett,  on  the  Carnegie* s 
second  cruise,  found  an  activity  oi  12^  Elster-and-Geitel  units,  while  Johnston  on  the  third 
cruise  found  an  activity  of  23.^' 

As  regards  the  effect  of  land  on  the  radioactive  content,  Q,  the  results  in  Tables  80-83 
are  of  considerable  interest.  The  braces  serve  to  divide  the  legs  of  the  cruise  into  sections, 
the  number  tabulated  representing,  for  the  respective  section,  the  mean  value  of  the  radium- 
emanation  content  in  curies  X 10  "^  per  cubic  meter.  Referring  to  Table  80,  it  will  be  observed 
that  there  was  a  regular  diminution  in  the  emanation  content  as  the  Carnegie  passed  from 
Balboa  out  into  the  Pacific  Ocean  en  route  for  Honolulu.    The  voyage  from  Honolulu  to 


^In  ohuiiiing  the  mean  value  for  the  eab-Anterotio 
oeeane,  the  vahies  of  Q  for  May  80  and  31,  1010.  have  be60 
omitted,  rinee  theee  were  obtabied  when  the  yacht  was  quite 
near  the  New  Zealand  ooaet  and  are  obviously  not  repreeen- 
tatire  of  the  fsneral  values  obtained  on  the  sub-Antarctic 
vojrace* 

^See  E.  von  Sehweidler  and  K.  W.  F.  Kohlrausch,  article 
(m'*Aimo9phari9eh§  EMetrimUU,"  i^.  223  (a  section  from  vol.  3 
of  "Handbuch  der  ElektrisitAt  und  des  Magnetismus**). 

Hidttino^n  Naeh.  Om,  Wiat,,  1906. 


«PAys.  Z€iL,  vol.  13.  p.  112,  1912. 
•See  Elster  and  Geitel,  PAfs.  ZmL,  voL  4,  p.  69$,  1908. 
^See  Albert  Gockel.  Phy,  ZmL,  vol.  6,  p.  691. 1904. 
^See  G.  C.  Simpson,  PhU,  TVmu.  R,  Sbc  A,  vol.  205. 

p.  61,  1906. 
^See  W.  Saake,  PM.  Zsit.  vol.  4.  p.  626.  1903. 
*See  Elster  and  Geitel.  PAyt.  ZeiL,  vol.  6.  p.  11,  1904. 
i*Pyoe.  R,  Soc,  A.  vol.  86.  p.  186.  1911. 
"r€iT.  Mqq,,  vol.  14.  p.  26,  1909. 
'^Bee  page  370.  **See  page  373. 
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Dutch  Harbor  (Table  81)  tookplaee  f or  the  most  part  in  a  npoa  ol  the  oeean  iv  iviiov^ 
fran  hmd,  and  Q  was  floiall.  For  the  vpyage  from  Datdi  Hwbor  to  Port  I^fttelton,  Table 
82  flhowB  a  deerease  in  Q  as  the  land  reipona  in  tibe  vicinity  d  Akeka  were  kift  fadundt  and 
in  the  parts  of  the  cruise  between  (T  and  40^  north  latitode,  ii4iflra 
from  land,  Q  was  very  low.  The  value,  however,  increased  agm  as  the  land  ropoosf^^ 
by  Austndia  and  New  Zealand  were  i^iproaidbed.  Attention  has  already  been  called  to 
the  low  values  obtained  for  Q  in  the  sub-Antarctic  voyage.  The  values  hoe  were  naturally 
variaUe,  for  the  wind  directions  which  are  fruitful  in  bringing  cmanatinn  to  any  point  of 
the  sub-Antarctic  oceans  are  very  limited  in  extent.  This  circumstance  is  emphamied  by 
the  fact  that  the  ice-covered  Antarctic  Continent  probably  does  not  contribute  appndab^ 
to  the  emanation  content  of  the  winds  coming  from  it. 

Since  a  radium  emanation  content  of  10""  curie  per  cubic  meter  is  siiflick^ 
for  a  rate  of  production  of  0.021  ion  per  c.  c.  per  second,^  the  average  amount  of  radiom 
emanation  over  the  Padfic  and  sub-Antarctic  Oceans,  as  determined  by  the  results  of  the 
present  cruise,  is  capable  of  accounting  for  the  production  of  about  0.05  ion  per  e.  c  per 
second. 

CAUSES  OF  ATMOSPHERIC  IONIZATION  OVER  THE  OCEAN. 

If  we  assume  the  wdl-known  rdation  9»an^  between  n,  the  number  of  ions  per  c  c 
of  dther  sign,  9  the  rate  of  production,  and  a  the  coefficient  of  reeombinati^ 
find  the  vidue  of  9  necessary  to  accotmt  for  any  asngned  vahie  of  The  ni^iidi  figures  in 
the  rdation  9  »  on' is  soniewhat  greater  than  the  vahm  of  dther  11^ 
the  measured  values  are  in  part  determined  by  the  influence  of  the  potential-grsdient  in 
altering  the  ionic  distribution  near  the  Eajrth's  surface.'  Thus,  referring  to  TMe  86,  we 
see  that  according  to  the  results  of  the  present  cruise  a  value  of  n  at  least  as  great  as  800 
must  be  accounted  for.  Further,  there  is  in  the  atmosphere  a  dass  of  ions,  ttie  so-caUed 
large  ions,  for  which  the  specific  velodty  is  only  about  1/3000  of  that  of  the  small  ions. 
These  large  ions  are  not  measured  by  the  ion  counter,  but  the  fact  of  th^ 
the  rate  of  production  of  ions  which  it  is  necessary  to  postulate  in  order  to  account  for 
atmospheric  ionisation.  In  order  to  account  for  the  800  small  ions  alone,  we  find,  taking 
a»2.5Xl0'~^  that  q  must  have  a  value  equal  to  1.6.  Hence  the  radioactive  material  in  the 
air  over  the  great  oceans  is  only  suffident  to  provide  for  about  3  per  cent  of  the  rate  of 
production  of  ions  necessary  to  accoimt  for  the  presence  of  the  small  ions  alone.  It  is  true 
that  the  uncertainties  inherent  in  the  method  of  determining  the  emanation  content  from 
the  active  deposit  are  such  as  to  give  a  value  which  is  too  low,  but  after  making  all  allow- 
ances for  such  considerations,  we  can  not  but  condude  that  the  radioactive  content  over  the 
large  oceans  is  too  small  to  play  an  important  part  in  controlling  the  ionisation  of  the 
atmosphere  there.  A  similar  remark  applies  to  the  radium  emanation  contained  in  the  sea- 
water,  which  is  likewise  known  to  be  excesdvdy  small,  so  that  there  remains,  for  the 
explanation  of  the  bulk  of  the  atmospheric  ionisation  over  the  ocean,  only  that  source, 
whatever  it  is,  which  is  respondble  for  the  formation  of  ions  in  a  dosed  vessel 

As  already  stated,  the  results  of  the  Camegie^s  fourth  cruise  indicate  a  value  3.8  for 
the  rate  of  production  of  pairs  of  ions  per  c.  c.  in  a  closed  vessd.  If  we  could  assume  all  of 
the  ions  produced  in  a  closed  vessd  over  the  sea  to  have  thdr  origm  in  causes  other  than  the 
vessel  itself,  we  should  be  provided  with  a  source  of  ionisation  more  than  sufficient  to 
account  for  the  existence  of  the  small  ions;  but  the  question  as  to  how  far  the  icmiaar 
tion  produced  in  a  closed  vessd  of  this  kind  is  really  the  result  of  actions  other  than 
that  of  radioactive  impurities  in  the  vessd  is  still  to  some  extent  an  open  one. 

^For  the  theoretical  baais  underlying  this  ealculmtion  see  K  von  Schweidler  and  K.  W.  F.  KoUnnseh,  article  on 
**AlmoBp9iAri9eh$  BUHritim, "  p.  234  (a  section  tttm  vol.  3  of  *'  Handbaidi  der  Elektrisitat  und  des  BCacnetismiis''). 
^9ee  E.  von  Schweidler,  Wun,  Ssr.,  vol.  117,  p.  053. 1006;  also  W.  F.  Q.  Swann,  r«nr.  Mao-,  voL  18,  p.  163, 1913. 
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Perhaps  one  of  the  chief  difficulties  resulting  from  a  comparison  of  the  ionization  over 
the  land  and  ocean  arises  from  the  fact  that  if  we  assume,  as  we  must  do,  a  sufficiently  large 
vahie  for  the  ionisation  caused  by  the  penetrating  radiation  to  accoimt  for  the  ionisation 
over  the  ocean,  t.  «.,  a  rate  of  formation  of  1.6  pairs  of  ions  per  c.  c.  per  second,  it  would 
seem  that  we  must  consider  this  cause  to  be'active  over  land  also.  Thus,  the  rate  of  pro- 
duction of  pairs  of  ions  which  can  be  accoimted  for  on  land  is  at  least  1.6  plus  the  rate  of 
production  which  can  be  accoimted  for  by  the  radioactive  materials  in  the  soil  and  atmos- 
phere on  land.  The  latter  contribution  amoimts  to  4.5  according  to  the  estimates  of  Eve,^ 
hence  the  value  of  q  which  can  be  accoimted  for  on  land  is  at  least  about  6,  and  this  is  much 
more  than  is  necessary  to  accoimt  for  the  observed  number  of  small  ions,  the  latter  being  no 
greater  than  the  value  found  at  sea.  It  would  seem  that  the  explanation  of  this  difficulty 
must  be  sought  in  the  slowly  moving  ions,  which,  though  they  contribute  very  little  to  the 
conductivity,  nevertheless  have  to  be  maintained,  since  they  are  continually  suflfering 
recombinations.  The  total  number  of  ions,  small  and  large,  over  the  ocean  must  be  sup- 
posed to  be  smaller  than  that  over  land,  but  the  greater  purity  of  the  air  over  the  ocean  will 
result  in  ibe  fraction  of  the  ions  which  exist  there  as  small  ions  being  greater  than  the  cor- 
responding fraction  over  land.  The  practical  equality  of  the  measured  numbers  of  small 
ions  over  land  and  sea  drives  us  to  the  conclumon  that,  as  far  as  this  fact  is  concerned,  the 
decrease  in  the  total  ionisation  over  the  sea  is  just  compensated  by  the  greater  fraction  of 
the  ions  which  there  function  as  small  ions.  Thus,  for  example,  if  we  were  to  assume  that 
there  are  no  slowly  moving  ions  over  the  sea,  we  should  have  9»  1.6  as  the  total  ionisation 
over  the  sea.  Hence,  total  ionization  over  land » 1.6+4.5 » 6.1.  Thus,  if  n«  and  tii 
refer  to  the  total  numbers  of  small  ions  per  c.  c.  over  sea  and  land,  respectively,  N  to  the 
number  of  large  ions  per  c.  c.  over  the  land,  and  if  a  is  the  same  for  both  classes  of  ions, 

N+ni_/6.iy 
n.    *V1.6/ 

Hence,  since  ni^n,  approximately,  we  should  on  this  basis  find  N^ni,  %  e.,  the  number  of 
small  ions  per  c.  c.  on  the  land  would  be  about  equal  to  the  number  of  large  ions.  If  the 
ions  over  the  sea  are  not  entirely  of  the  quickly  moving  class,  an  argument  of  this  type 
would  lead  to  the  conclusion  that  the  number  of  large  ions  over  the  land  is  greater  than  the 
number  of  small  ions. 

It  will  thus  be  gathered  from  the  foregoing  remarks  that  the  two  outstanding  problems 
which  are  of  primary  importance  for  the  satisfactory  clarification  of  our  ideas  on  the 
ionization  over  the  land  and  sea  are,  (1)  the  problem  of  detennining  how  much  of  the 
ionization  produced  ina  closed  vessel  is  to  be  attributed  to  causes  other  than  the  vessel  itself, 
and  (2)  the  problem  of  determining,  over  land  and  sea,  the  average  number  of  slowly  moving 
ions  per  c.  c. 

Although  the  radium  emanation  over  the  great  oceans  is  insufficient  to  contribute 
markedly  to  the  ionization  there,  its  effect  over  a  small  ocean  like  the  Atlantic  is  not 
insignificant.  In  this  connection  a  point  of  some  interest  shows  itself  when  we  compare  the 
average  values  of  the  conductivities  over  the  Atlantic  and  Pacific  Oceans.  Taking  the 
average  of  the  values  in  Table  91  for  the  Atlantic  Ocean,  we  find  X+»1.57X10^  s.8.n., 
and  X.»1.3lXlO~^E.8.n.  The  mean  of  these  values  is  1.44X10~^b.8.u.  Taking  the 
average  values  for  the  Pacific  Ocean  as  obtained  by  utilizing  the  values  in  Table  85  and 
the  corresponding  values  in  Table  01,  the  very  low  values  0.08  X 10  ~^  b.  8.u.  bdng,  however, 
omitted,  we  obtain  X+»1.46X10~^  b.s.u.,  and  X.-1.22X10~^  B.8.U.  The  mean  of 
these  values  is  1.34X10~^  B.s.n.  Writing  X.  and  X, for  the  mean  unipolar  conductivities 
over  the  Atlantic  and  Pacific  Oceans  respectively,  we  thus  have  X«/Xy»  1.44/1.34  » 1.07. 


about  2 


>PMI.  Ifoa.  S.  6.,  vol.  21.  p.  34, 1911.  Eire ghrw  the  vahio 4.36 instasd of  4J(.  The eU^t dUTereiiee ie to  be  aeeoiinted 
for  by  the  tmei  that  Eve  took  80X10r»  curie  per  oubio  meter  m  the  normal  radium  emenifion  eooteot  of  the  atmoephwe, 
whweae  the  yaloe  88X10r»  ourie  per  oubio  meter  has  been  adopted  in  this  report. 
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Now,  in  80  far  as  the  conductivity  is  inroportaonal  to  the  ionic  densityi  and  the  latter 
is  proportional  to  the  square  root  of  the  rate  of  production  of  pairs  of  ions,  we  should  expect 
that  if  9  is  the  value  of  the  latter  quantity  for  the  Pacific  Ocean,  and  q +iq  the  vahie  for  the 
Atlantic  Ocean, 

(i±&)'..^ 

or  approodmately  iq/q^0.14. 

Taking  the  value  g  « 1.6  found  on  page  414,  for  the  great  oceans,  as  the  vahie  forihe  Pacific 
Ocean,  we  thus  find  Sg«0.22.  As  already  stated  on  page  413, the  mean  vahie  of  the  activity, 
expressed  in  Elster-andrGeitel  units,  for  several  land  stations  is  85,  so  that  if  this  be  taken 
as  corresponding  to  the  mean  emanation  content,  88X10"*^  curie  per  cubic  meter,  fw  the 
land,*  we  find  that  1  Elster-and-Geitel  unit  corresponds  to  1.0X10''^  curie  of  emanation  per 
cubic  meter,  and  consequentiy,  according  to  page  414,  to  a  rate  of  production  of  0.021  ion 
per  c.  c.  per  second.*  In  order  to  account  for  the  above  vahie  0.22  for  Sg,  it  would  conse- 
quentiy be  necessary  to  assume,  over  the  Atlantic  Ocean,  a  radioactive  content  i^ch  was 
in  excess  of  that  over  the  Padfic  Ocean  by  about  10  Elster-and-Geitd  units.  Taking  the 
mean  value  for  the  Padfic  Ocean  as  3  Elster-and-Geitel  units,'  we  should,  on  these  fines, 
expect  13  Elster-and-G«tel  units  over  the  Atlantic  Ocean,  and  tiiis  is  just  about  the  order 
of  magnitude  of  the  radium-emanation  content  found  there.  Thus  Hevdett  found  12  and 
Johnston  23  Elster-and-Gettel  units  respectively,  in  the  north  Atlantic  Ocean,  on  the 
Cameffii^B  second  and  third  cruises;  the  mean  of  these  values  is  18. 

It  is  noticeable  that  the  sfi|^t  d^erence  between  theaverage  values  recorded  in  Table  85 
for  the  corresponding  ionic  contents  and  conductivities  in  tiie  Pacific  and  sub-Antarctic 
oceans  is  in  the  ri^t  direction  to  be  accounted  for  by  the  difference  in  the  emanation 
content.  The  mean  of  the  values  of  n^.  and  n.,  recorded  in  Table  86  for  the  Pacific  Ocean,  is 
762,  and  the  corresponding  vahie  fw  the  sub-Antartic  oceans  is  722.  If  g  is  again  taken 
for  the  rate  of  production  of  pairs  of  ions  per  c.c.  in  the  Pacific  Ocean,  and  if  g— Sg  is  the 
correspondinginEdue  for  the  sub-Antarctic  oceans,  we  readily  find,  on  the  line  of  the  argument 
i^ven  above, 

Sg-0.08g 

80  that  taldng  g — 1.6  as  before,  5g  ==0.13.    This  corresponds  in  radium-emanation  content  to 

(0.13/0.021)  X 10 "" = 6  X 10  -"  curie  per  cubic  meter.    The  difference  between  the  Pacific 

and  sub-Antarctic  emanation  contents  amounts,  according  to  Table  85,  to  2.9X10*^  curie 

per  cubic  meter,  and  is  thus  of  the  right  order  of  magnitude  to  account  for  the  differences 

in  the  corresponding  ionic  contents.    An  exact  numerical  agreement  can  not,  of  course,  be 

expected. 

DIURNAL  VARIATION. 

As  already  stated,  diurnal-variation  measurements  were  made  for  the  quantities 
X,  n+,  and  J?,  but  it  was  naturally  not  practicable  to  make  complete  diurnal-variation 
observations  very  often.  In  so  far  as  a  diurnal-variation  curve  may  only  be  esqpected  to 
approximate  to  a  definite  and  characteristic  form  when  the  results  of  many  sets  of  observa- 
tions are  combined,  it  was  considered  best  to  combine,  into  one  curve,  for  any  element,  all 
of  the  corresponding  diurnal-variation  observations  throughout  the  cruise.  A  curve  ob- 
tained in  this  way  consequently  corresponds  to  the  mean  diurnal-variation  curve  throughout 
the  period  of  the  cruise.    Although  the  observations  here  discussed  extended  over  about 

'See  page  413. 

*Kun  has  made  a  direct  compariaoD  of  the  Elster-fuid-Qeitel  unit  with  the  ooiTespoiiding  amount  of  kmisation  to  be 
expected.  His  data  have,  at  the  hands  of  Kohlrausch  and  others,  suffered  various  corrections  which  have  chanted  the 
original  result  by  200  per  cent  of  its  value,  and  the  corrected  value  gives  the  rate  of  production  of  pairs  of  ions  per  cc, 
corresponding  to  1  Elster-and-Geitel  unit  as  0.029.  (See  K.  Kurs,  Ahh,  Ah.  Witt,  MaitU'-phifa.  KL,  No.  1,  voL  25,  p.  44. 
Munich,  1009;  also  K.  W.  F.  Kohlrausch,  Pkyt,  Zmt.,  vol.  13,  p.  1103. 1012). 

'See  page  413. 
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one  year,  it  is  hardly  possible  to  look  upon  the  curves  as  comparable  with  mean  diurnal- 
variation  curves  for  the  year,  as  obtained  at  one  station,  for  the  present  observations 
correspond  to  all  sorts  of  different  latitudes. 

llie  curves  for  X,  n+,  and  R  are  shown  in  Figure  26.  It  naturally  turned  out  that 
there  were  many  occasions  on  which  observations  were  started  and  later  in  the  day  it  was 
foimd  necessary  to  discontinue  them  as  a  result  of  weather  conditions.  All  of  the  observa- 
tions have,  however,  been  used  in  drawing  the  curves,  so  that  the  parts  of  the  curves 
corresponding  to  the  night  depend  upon  fewer  observations  than  those  for  the  day.  Each 
point  on  the  curves  is  the  representative  of  observations  on  a  large  number  of  days,  and 
the  number  of  days  for  the  individual  points  are  recorded  against  them.  It  is  interesting 
to  observe  that  the  parts  of  the  curves  determined  by  points  representative  of  the  observa- 
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tions  on  many  days  are  much  more  definite  in  form  than  the  parts  determined  by  points 
corresponding  to  few  observations,  a  result,  of  course,  to  be  expected.  Happily  the 
doubtful  parts  of  the  curves  are  of  sufficiently  small  extent  to  render  it  possible  to  draw 
them  in  with  reasonable  certainty  by  noting  that,  except  for  the  slow  progression  of  the 
annual  variation,  the  curves  must  repeat  themselves  with  a  period  of  24  hours.  The  curves 
for  X  and  n+  show  definite  diurnal  variations,  but  the  curve  for  R  does  not  indicate  any  such 
tendency,  and  this  point  is  emphasised  by  the  fact  that  the  portions  of  the  curve  which  are 
fixed  by  the  largest  numbers  of  observations  are  just  those  which  approximate  most  closely 
to  the  representation  of  £  as  independent  of  the  time  of  day.  This  result,  which  is  in  har- 
mony with  the  observations  of  Simpson  and  Wright  in  the  Atlantic  and  Indian  Oceans,^  is 
not  nacessarily  inconsistent  with  the  results  of  those  observers  who,  on  land,  have  found 
dfaimal  variations  in  JS,  since,  as  already  remarked,  a  large  portion  of  A  as  measured  on 
land  is  detenocuned  by  the  radioactive  material  in  the  soil  and  atmosphere. 

Turning  now  to  the  potential-gradient  curve,  it  is  interesting  to  compare  this  curve 
with  the  mean  diumal-variation  curves  for  the  year  for  several  land  stations.  This  is 
d<me  in  Figure  27.    It  will  be  observed  that  the  chief  feature  which  characterises  the  ocean 

^Pnc  B.  5oe.  A.  Tol.  86.  p.  IW.  1011. 
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curve  ia  the  fact  that  the  eariy  moniing  miniinnin  is  not  so  duup  as  is  usmJ^  the  eaes  with 
the  land  observations.  When  allowance  is  made  for  the  diffcronce  in  the  abedute  vahiM 
of  the  potential-gradienti  the  land  curve  to  which  the  ocean  curve  most  doedy  conespoiidi 
is  thyat  for  Potsdam.  The  idation  comes  out  stnmi^y  when  the  Fourier  am|ditudes  of  the 
diflferent  hannonics  are  considered.  If  the  potential-gradient  be  expressed  in  the  usual 
form  X »ot+<ii  dn  (^+x)  +0^  sin  {p%+2x)  +  .  .  .  etCi  wiiere  the  a's  are  ampUtades 
and  the  i^s  phase  ani^i  Table  94  gitves  for  the  first  3  Fourier  ''waves"  the  values  of  the 
o's  aiMl  r's  for  the  curves  idotted  in  Figure  27. 

Tablb  9i,-'AmpliM$9  and  Pkam  AntfeMfat  Dimmai'VmriaiUm  Cwm  ef  ll«  PiflmUial-QraMna. 
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of  the  nduetioii  iMtor  f or  tlie  apparmtus 
at  Kow  (pM  MA.  3>«iM.  Boy.  fioe.  A.  ToL 
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It  will  thus  be  seen  that  the  curve  for  the  ocean  values  partakes  of  the  properties  of  the 
curves  for  Potsdam  and  Eew  in  showings  for  the  12-hour  '^wave/'  an  amplitude  which  is 
greater  than  that  for  the  24-hour  ''wave.''  A  similar  result  was  obtained  by  Simpson  and 
Wric^t^  in  thdr  observations  over  the  Atlantic  and  Indian  Oceans.  The  preponderance  of 
the  12-hour  term  over  the  ocean  is  of  special  interest  when  it  is  recalled  that  over  land  the 
amplitude  of  ttiis  term  i4>pearB  to  diminiiih  very  rapidly  with  altitude.  Thus  the  ratio  ai  /os 
is  very  much  larger  at  the  top  of  the  Eiffel  tower  than  at  a  point  on  a  levd  with  the  base. 
It  has  been  customary  to  attribute  the  12-hour  term  to  dust  carried  up  by  convection 
currents  during  the  hotter  part  of  the  day,  but  the  preponderance  of  this  t^rm  in  ocean 
observations,  where  the  air  is  very  pure,  would  appear  to  cast  some  doubt  on  such  an 
explanation,  a  point  to  which  Simpson  and  Wright  have  also  called  attention. 

The  diurnal-variation  curve  of  the  ionic  content  shows  a  flat  mATiTniim  extending 
over  about  8  hours  from  6  a.  m.  to  2  p.  m.,  and  a  TninimuTn  about  midnight,  the  amplitudes 
and  phase  angles  of  the  first  3  Fourier  ''waves"  being  ao=810,  ai«41.8,  as=3.3,  at»8.2, 
^»278^  ^»90^  ^=156^  The  diurnal  range  forms,  in  the  case  of  the  ionic  content,  only 
about  10  per  cent  of  the  whole.  If  this  were  all  attributable  to  a  change  in  the  rate  of 
production  of  ions,  we  should  expect  a  diurnal  range  of  about  20  per  cent  in  the  latter 
quantity;  but  we  have  seen  that  the  observations  ^ve  no  evidence  of  any  appreciable 
diumal  variation  in  R.  Since  the  value  of  X  controls,  to  some  extent,  the  values  of  the 
ionic  densities  near  the  Earth's  surface,'  we  may  expect  a  diumal  variation  in  X  to  be 
accompanied  by  a  diumal  variation  in  n+;  increase  of  X  should  be  accompanied  by  decrease 
of  n+.  On  referring  to  Figure  26,  we  indeed  find  that  the  midnight  mATiTniim  for  X  cor- 
responds to  a  minimum  for  n^.,  and  although  the  early  morning  TnATimnni  of  X  is  not 
accompanied  by  a  distinct  minimum  of  n^.,  there  is  an  indication  of  a  tendency  in  this 
direction.  There  is,  however,  a  further  cause  which  contributes  to  the  diumal  variation  of 
the  ionic  content,  for  a,  the  rate  of  recombination  of  the  ions,  is  known  to  decrease  with 
increase  of  temperature,  the  decrease  amounting,  according  to  Erikson,'  to  about  1  per 
cent  per  degree  at  ordinary  temperatures.    The  diumal  variation  of  the  temperature,  as 

^Froe,  It.  8ac  A,  v6L  S5,  p.  181. 1011. 

^See  B.  Ton  Sehwcidlflr,  IFim.  B^.,  vol.  117.  p.  663.  1006;  alao  W.  F.  G.  Swann.  Terr.  Mag,,  vol.  18,  p.  103.  1013. 

•PkO.  Mag.,  ToL  18,  pp.  338-366, 1000. 
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indicated  by  the  thermograph  records,  shows  a  Tnaximnin  about  the  same  time  as  the 
maximum  in  the  curve  for  n^.,  which  fact  is  in  harmony  with  the  above  view.  The  average 
daOy  range  in  temperature  is  about  5^C.,and  this  corresponds  to  a  range  of  about  5  per  cent 
in  a  and  consequently  to  about  2.5  per  cent  in  n+.  Apart,  however,  from  these  considera- 
tions with  regard  to  the  variation  of  a,  Simpson,  in  his  experiments  at  Karasjok,^  found,  as 
an  experimental  fact,  that  the  ionic  content  increased  by  about  35  per  cent  for  20  degrees 
increase  in  temperature.  Such  a  change,  which  is  considerably  larger  than  that  calculated 
from  the  change  in  a  to  be  anticipated  from  laboratory  experiments,  is  in  itself  almost 
sufficient  to  accoimt  for  the  present  diurnal  variation  in  n^  as  a  pure  result  of  the  diurnal 
variation  in  temperature. 


Fio.  27.~0)mp«konorUieP6ft«otbMndtentDiiinial-VftrifttiooCai^ 


The  diurnal  variation  of  the  ionic  content  on  land  is  influenced  much  by  the  local 
conditions.  Gockel,*  from  measurements  made  at  Freiburg,  finds  a  mi^^ntwniw  f or  n^.  at 
2  p.  m.  in  winter  and  at  4  p.  m.  in  the  summer.  These  results  are  in  general  agreement 
with  those  of  the  present  cruise,  except  that  they  give  the  maximum  somewhat  later,  a 


^Pka  Trmu,  R.  Soc  A,  toI.  206,  p.  79,  1906. 


*MM.  UiL,  ToL  38,  p.  68.  1906. 
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mult  whiehi  however,  would  be 
the  temporatuie. 

Tbm  aie  hardly  any  other  ooean  lesuhe  m 
tiooB  on  the  dhmial  vaiiatkHi.  SiiflpKmandWrii^ty^onthebairieofeartilnoeean 
tioiis  made  within  40^  ol  the  equatoTi  came  to  the  eon-*  TjjmtML  Jimdri  Jtomiti  pn  iftg  rofl^ 
duokm that  the potontJat^radient  has  itaehief  minimim!i  ]^^2;g|£M</Mi0.cS9^^ md  Faim^ 
soon  after  midday  I  a  result  in  harmoi^  with  thorn  of  the  ^»***»^  Chw  Ht  AOmoie  tktm. 
present  endse,  as  will  be  seen  on  referenoe  to  Figure  2ft. 
TaUe  05  shows  values  obtained  by  G.  Bemd^  in  the 
Atlantic  Ocean  in  1013.  The  potential-gradimt  results 
are  here  only  relative,  aiul  X  represents  the  means  of 
the  potential-gradient  observations  on  all  days,  whQe  X' 
represents  the  mean  values  as  obtained  on  days  labeled  as 
normal  from  an  atmospherio-eleetric  standpoint,  and  in  which  negative  values  of  the 
potential-gnufient  are  oBodtted.  These  observations,  as  far  as  they  go,  are  in  agreement 
with^the  present  results  on  the  dhnmal  variation,  at  any  rate  in  tiie  cases  of  X'andtiie 
ionic  content. 

ANNUAL  VARIATION. 

In  ccmffldering  the  type  of  annual  variation  to  be  eqiected  from  observations  sudi  as 
those  at  present  under  cBscussion,  one  has  to  remember  that  it  is  the  season,  rather  than  the 
time  of  the  year,  which  ccmtroh  the  phenomena,  so  that  it  would  not  be  reasonable  to  plot 
the  quantities  against  the  time  without  due  re^Burd  to  the  variation  with  latitude.  Tfau^ 
for  eaoonple,  account  must  be  taken  of  the  fMt  tiiat  the  sew 

hemiq»here.  However,  once  the  drcumnavigatkm  voyage  in  the  sub-Antarctic  Oceans 
ooireqxmds  roughly  to  a  constant  latitiirie,  it  enaUes  us  to  seek  evidence  on  the  annual 
variation  over  the  period  of  duration  of  tins  voyage  (about  four  months).  To  this  end  the 
10^2  values  have  been  meaned  f or  eadbi  of  the  f  our  months,  and  the  results  plotted  against 
thecorreqxmdingmid^imesforthemontiis.'  Hie  results  are  shown  in  Figure  28.  Bj&Danr 
bering  that  the  seasons  are  reversed  in  the  latitudes  in  question,  we  sl^iuld,  by  analogy 
with  the  results  for  land  values,  escpect  a  miniTniim  of  the  potential-gradient  in  January. 
As  a  matter  of  fact,  a  maximiiTn  appears  here,  but  this  is  followed  so  soon  by  a  minimum 
that  it  is  difficult  to  draw  any  conclusions  as  to  the  normal  tjrpe  of  variation,  and,  indeed, 
it  is  probable  that  the  mean  of  the  observations  over  several  years  would  be  necessary  to 
satisfactorily  settle  the  question  of  the  annual  variation.  In  the  case  of  the  ionic  numbers, 
conductivities,  and  air-earth  current-densities,  the  curves  suggest  more  definite  conclusions 
and  indicate  distinct  minima  in  January.  The  land  observations  in  the  northern  hemi- 
sphere give  minima  for  the  ionic  content  and  conductivity  in  the  late  winter  months,  and 
maxima  in  the  late  Summer  and  autumn.  In  view  of  the  reversal  of  the  seasons  in  the 
southern  hemisphere  the  results  of  the  ocean  observations  are,  therefore,  somewhat  sur- 
prising. However,  it  is  difficult  to  form  a  proper  opinion  of  the  general  curve  of  the 
annual  variation  from  observations  esdiending  over  four  months,  and  it  is  possible  that  the 
minima  which  the  present  observations  indicate  for  January  are  only  depressions  in  the 
main  maxima  of  the  curves. 

iJfVoe.  R.  Soe.  A,  vol.  85,  p.  181,  1911. 
*MeL  ZeU,,  yol.  30,  p.  606,  1913. 

In  the  oaMS  where  there  were  no  obeenrationt  for  oertain  periods  of  a  month  the  time  need  u  the  menn  time 
•ponding  to  the  obeervatione  seoured. 
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The  quantity  R  shows  a  faint  indication  of  a  minimum  in  February,  but  the  changes 
in  /2  are  so  small  that  it  is  undesirable  to  discuss  their  ori^  in  detail. 


FiQ.  28. — ^VarUtioii  of  Atmosphtfie-Eleotrie  Elamento  during  a  Period  of  Four  Monthf 

on  the  Sub-Antoietio  Vosrafe. 

Atmospheric-electric  observations  made  aboard  a  vessel  are  manifestly  not  of  a  type 
well  suited  to  the  elucidation  of  annual  variations  in  the  elements,  since  the  geographic 
location  of  the  vessel  alters  continually.  It  is  probable  that  ocean  data  on  the  annual 
variation,  and  indeed  on  the  diurnal  variation,  could  be  most  advantageously  secured 
from  observatories  erected  on  small  islands  located  in  mid-ocean.  In  order  that  the 
results  obtained  may  be  free  from  local  influence,  the  islands  should  be  as  free  as  possible 
from  foliage.  There  are,  however,  very  obvious  practical  diflSculties  involved  in  an 
attempt  to  carry  on  scientific  work  on  an  island  whose  chief  characteristics  are  that  it  is 
barren  and  located  in  mid-ocean. 
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SUMMARY  OF  CONOJUBIONS. 


A  gnenl  (fiaeufldon  of  the  olmrvmtioiis  leads  to  the  foOowing  bbmkiI  eondurionB; 

(1)  The  potential-gnidient  over  the  ooeen  hesi  aeooidhig  to  the  preeont  dbeervrntiane^ 
en  ava»ie  daily  mean  vahie  of  113  volta  per  meter.  It  haa  a  diatinet  dfaunal  variaiioo 
with  minhna  about  6  a.  m.|  and  8  p.  m.,  and  maifana  about  midnitfit  and  9  a.  m.,  the  12- 
hour  Fourier  ''wave"  being  more  prarnhmt  than  the  24-hour  "wave." 

(2)  The  average  vahiea,  for  tiie  wbxie  canjom  throu^^  BCaroh  1016,  of  eonduetivitiea 
and  ionic  oontenta  for  positive  and  negative  ions  are,  X+">1.44XlCr*,  X.«L19X10~^ 
SAU.,  n^^SOi,  and  fi."677,  and  the  mean  vahie  of  114./11-  la  1.22.  These  numbem are 
in  dose  agreement  with  vahm  found  on  land.  The  dhmai  variation  of  fi^.  haa  been 
investigated,  and  the  element  has  been  found  to  have  a  flat  marinunn  ranging  from  about 
6  a.  m.  to  2  p.  m.  and  a  minimimi  about  nudnii^t. 

(8)  The  mean  ooean  vahie  of  the  qiedfic  lonio  vdooities  is  1.80  em.  per  second  per 
volt  per  cm.,  aikl  is  <he  same  for  ions  of  both  signs.  It  is  somewhat  greater  than  the 
values  9^->1.06  and  9-->1.22  obtained  as  the  means  for  a  number  of  land  statiims,  but  ie 
nearer  to  the  ionic  velocities  as  measured  for  ions  artificially  produced  in  dust-free  air. 

(4)  The  mean  ocean  vahie  for  the  air-earth  cuirent-dennty  is  Oi^XlO*^  BJi.u. 

(6)  The  number  of  pairs  of  kms  produced  per  c.  c.  per  second  in  a  dosed  c(9per  v^ 
over  the  ocean  diows  very  little  variation  with  season  or  location,  and  there  does  not 
appear  to  be  any  iqppreciaUe  dhimal  variation  in  the  quantity.  The  mean  absohite  value 
(rf  the  nundber  in  question  is  8.8.  It  is  conaderably  smaller  Ihan  the  values  resulting  from 
corresponding  measurements  made  on  land,  a  result  to  be  espected  in  view  of  the  absence, 
over  tiie  ocean,  of  the  contribution  to  the  penetrating  radiation  by  radioactive  materials. 

(0)  The  average  radhim-emanatinn  contents  foui^i  over  the  Pacific  and  sub*Antarctie 
Oceans  are  reqiectively  8.8X10*^  and  0.4X10'""  curie  per  cubic  meter.  These  values  are 
mudb  smaller  than  the  mean  value  (88X 10*"  curie  per  cubic  meter)  for  th^  They  are 

too  small  to  contribute  in  a  marioed  degree  to  the  ioniiation  over  the  ocean,  and  it  is  con- 
cluded that  the  reason  for  the  measured  ionic  denaties  over  land  being,  if  anything,  smaller 
than  those  over  the  ocean,  is  to  be  found  in  the  greater  purity  of  the  ocean  air  as 
with  the  land  air.  The  presence  of  dust  nuclei,  in  fact,  increases  the  number  of  ions 
go  into  the  slowly  moving  class,  and  which  consequently  lose  their  power  of  becoming  r^^h 
tered  in  the  usual  measuring  apparatus. 

As  yet  no  detailed  analysis  of  the  observations  has  been  made  with  a  view  to  determin- 
ing the  interrelations  between  the  atmospherio-electric  quantities  and  latitude,  temperature, 
humidity,  and  atmospheric  pressure. 
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SOME  DISCUSSIONS  OF  THE  OCEAN  MAGNETIC  WORK. 

1905-1916. 

Bt  L.  a.  Bauto  and  W.  J.  Pktbsb. 

CORRECTIONS  OF  MAGNETIC  CHARTS. 

From  time  to  time,  attention  has  been  called  to  the  corrections  required  for  the  various 
magnetic  charts  to  have  them  conform  to  the  values  of  the  magnetic  dements  observed  on 
the  Galilee  and  the  Carnegie}  Reference  to  these  corrections  will  also  be  found  in  various 
sections  of  this  volume. 

The  corrections  in  the  case  of  the  magnetic-declination  charts  (mariners'  charts  of 
lines  of  equal  magnetic  variation),  for  the  ocean  routes  gen^tdly  traveled,  have  heea 
usually  below  2^,  though  at  times  exceeding  this  amount.  Unfortunately,  the  corrections 
are  frequently  of  the  same  sign,  or  in  the  same  direction,  for  long  stretches  at  a  time.  The 
navigational  error  is  likely,  therefore,  to  be  cumulative  when  the  mariner  is  dependent 
largely  on  the  correctneee  of  his  magnetic-variation  charts;  this  is  the  case  in  time  of 
storm  or  fog,  when  it  is  not  possible  to  control  the  ship's  position  by  observations  on  the 
Sun  or  stars. 

In  certain  parts  of  the  Pacific  and  the  Atlantic  Oceans  the  chart  corrections  have 
been  about  4^,  while  in  the  Indian  Ocean  they  reached  6^,  and  off  the  southwest  coast  of 
Australia,  from  12''  to  le""  (see  p.  328). 

The  corrections  for  the  charts  of  the  lines  of  equal  magnetic  inclination  have  usually 
been  less  than  5^,  though  amounting  in  certain  regions  to  9^. 

The  corrections  for  the  charts  of  the  lines  of  equal  horizontal  intensity  have  been  on 
the  order  of  0.005  to  0.015  c.  o.  s.,  and  have  even  reached  .060  c.  g.  s.  on  the  most  southerly 
cruises.    In  general,  the  corrections  were  found  to  be  on  the  order  of  2  to  10  per  cent. 

Erroneous  assumptions  as  to  amount  and  sign  of  secular  changes  have  been  found  to 
be  partiy,  sometimes  largely,  responsible  for  the  systematic  chart-corrections. 

A  brief  summary  of  the  declination  corrections  in  the  Pacific  Ocean  will  be  found  in 
the  September  1015  issue  of  Terrestrial  Magnetism  and  Atmospheric  Electricity. 

A  future  volume  will  contain  a  detailed  investigation  concerning  the  amount  and  run 
of  the  chart  corrections.  Let  it  suffice  to  state  here  that  the  chart  corrections  as  found 
may  be  attributed  to  a  combination  of  the  following  causes:  observational  error  caused, 
for  example,  by  the  use  of  more  or  less  imperfect  instruments,  or  arising  from  some  other 
source;  erroneous  determination,  or  incomplete  elimination  of  deviation-error  produced  by 
the  magnetic  character  of  the  vessel  on  which  observations  were  made;  erroneous  secular^ 
change  data  as  above  explained;  paucity  of  observations  in  a  given  region;  and,  finally^ 
local  disturbances,  near  land  and  over  shallow  areas.  What  irregularities  may  be  expected 
in  the  isomagnetic  lines  over  the  ocean  areas  in  general,  is  a  question  often  raised,  the 
discussion  of  which  must,  at  present,  be  deferred. 

A  good  idea  of  the  extent  of  the  chief  magnetic  data  available  to  constructors  of 
magnetic  charts,  before  the  work  of  the  OalHee  and  the  Carnegie,  may  be  obtained  by 
examining  Plates  23,  24,  and  25,  showing  the  tracks  of  the  chief  vessels  on  which  magnetic 
observations  were  made  at  sea  during  the  period  1839-1916.  The  legends  on  the  three 
respective  plates  will  furnish  all  required  explanations.  Of  course,  no  atten4>t  has  been 
made  to  represent  also  the  data,  principally  of  magnetic  declination,  obtained  by  naval 
and  other  vessels  in  the  course  of  their  cruises,  or  in  connection  with  survey-work.    The 


^For  tables  ahowinc  oomotioiis  of  nmcnetie-daclinmtton  ohtfts.  tee  T§rr,  Mug.,  r.  15,  piK  67-82,  12^144;  ▼.  IS,  pp. 
18^-196;  ▼.  17,  pp.  31-32,  07-101, 141-144, 170-180;  ▼.  18,  pp.  63-04, 111-112, 101-102;  T.  10,  pp.  38, 120.  204,  234-236;  T. 
20,  pp.  00-70,  104;  t.  21,  pp.  16-18,  lOO-llO. 
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plateB  serve  to  exhibit,  in  a  general  way,  how  the  cniisee  of  the  Odlxlee  and  the  CamegU 
have  been  carried  out,  not  oidy  with  reference  to  the  other  chief  expeditions,  but  also  in  the 
fulfilhnent  of  the  object  of  securing,  within  a  comparatively  brief  period,  a  Bystematic 
magnetic  survey  of  ocean  areas.  Oa  the  homeward  cruise  dl  the  Carnegie  in  1916-1917 
(see  broken  red  lines,  Fls.  23  and  24),  additional  data  will  be  obtained. 

Figure  29  shows  the  corrections  of  the  various  magnetic-declination  charts  for  certain 
portions  of  the  Aflanftc  Ocean  at  the  time  Cruise  I  and  the  first  part 
carried  out.    East  magnetic  declination  being  given  the  positive  sign,  a  plus  correction,  for 
example,  means  that  t^e  chart-value  of  east  magnetic  declination  was  smaller  and  of  west 
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Fia.  29. — Showing  Correotions  of  Magnetio-Deolination  Charts  for  the  AtUntio  Ooean,  1909-1011. 

(British  Admiralty, ;  United  States  Hydrographic  Office, ;  German  Admiralty, 
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magnetic  declination  larger  than  the  values  observed  on  the  Camegie.  The  Camegie^s 
chief  ports  of  call  are  shown,  as  also  the  distances  in  nautical  miles  traversed  from  the 
home  port,  New  York.  The  chart-values  used  in  the  construction  of  Figure  29,  as  well  as 
of  Figures  30-35,  were  referred  to  the  dates  of  the  Carnegie^ a  observations  by  means  of  the 
secular  changes  shown  on  the  respective  charts. 

It  will  be  seen  that  the  curves  given  in  Figures  29-35  are  usually  the  same  for  the 
various  charts,  the  corrections  bdng  generally  less  than  2^,  though  in  some  instances  they 
are  more.  The  peculiar  and  often  systematic  run  of  the  corrections  for  long  stretches  is 
well  shown  by  the  curves.    Figure  30  applies  to  the  regions  of  the  AUanUc  Ocean  traversed 


Discussions  of  Ocean  Magnetic  Work,  1905-16 


425 


by  the  Carnegie  on  the  homeward  portion  of  Cruise  II  in  1013,  and  on  Cruise  IV  in  1915. 
Figure  31  shows  the  chart-corrections  revealed  on  Cruise  III  of  the  Carnegie  in  the  North 
AtlanHc  Ocean  in  1914;  during  this  cruise  a  high  northerly  latitude  (79^  520  was  reached  off 
the  northwest  coast  of  Spitsbergen. 
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Fio.  30.— Oiowuig  CorreotioiM  of  MAcneao-Deelmation  ChtfU  for  tlie  AtUnUo  Ooean,  19L3  and  1015. 

(Britiih  AdmiraHy, ;  United  Sutat  Hydrocnphie  Offioe, ;  Oannan  Admirmlty, .) 
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Corrections  of  Magnetio-Dedination  Charts  for  the  North  Atlantie  Ocean,  1014. 
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Fm.  n.— Shoirliw  Cofvwtfow  of  Ifi^nMfa  DwiiartiMi  CiMrto  lor  Hm  Iiidha  Oomb.  1911-1911. 

(Britiali  Adminlty, ;  United  SUtet  Hjrdiocnpliie  OAee, ;  0«niuui  Adaunhy, .) 

Figure  33  shows  the  corrections  of  the  various  magnetic-decimation  charts  revealed  on 
the  tub-Antarctic  voyage  of  the  Carnegie,  during  which  she  sailed  from  Lyttelton,  New  Zea- 
land, on  December  6, 1915,  and  returned  to  the  same  port  aa  April  1, 1916  (see  pp.  32&-330). 
The  omitted  portions  of  the  curves  spply  to  the  region  beyond  the  limits  of  the  usual 
magnetic  charts.  The  magnitude  of  the  ccHtections  (5^  to  16^)  and  the  rapid  change  in 
sign  are  strikingly  exhibited  by  the  curves.  The  large  corrections  apply  especially  to  the 
portion  of  the  Indian  Ocean,  off  the  southwest  coast  of  Australia,  where  the  value  of  the 
magnetic-declination  changes  very  nq>idly.  The  fact  that  the  largest  corrections  in  the 
South  Indian  Ocean  (see  Fig.  33)  are  shown  by  the  German  Admiralty  chart  is  fully 
explained  by  the  circumstance  that  this  particular  chart  was  issued  before  the  Carnegie's 
observations  in  the  Indian  Ocean  during  1911  were  available. 
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Flo.  SS-^-fibowinc  CorreotloiM  of  Mftcnetio-DooUnAtion  Charts  for  the  Sub-Antaretio  Voyago  ot  the  Cam^gU,  1915-101(1. 
(Britiflh  Admiralty,  -•-•-—  — ;  Unitad  States  Hydrographic  Offiee,  ;  Oennaa  Admiralty. .) 

Figure  34  shows  the  corrections  of  the  various  magnetic-decliiiation  charts  for  the 
portions  of  the  Pacific  Ocean  at  the  time  of  the  Camegie^s  Cruise  II,  1912.  Figure  35 
shows  the  same  for  Cruise  IV,  1915  and  1916.  An  inspection  of  the  curves  indicates  that, 
as  the  ocean  data  obtained  aboard  the  Chdilee  and  the  Carnegie  became  available,  improve- 
ments were  made  in  the  magnetic  charts  issued  by  the  various  hydrographic  establishments. 

CONCERNING  CONSTRUCTION  OF  NEW  MAGNETIC  CHARTS. 

The  construction  of  the  world  magnetic  charts  of  the  Carnegie  Institution  of  Wash- 
ington, as  based  chiefly  on  the  observations  of  the  Department  of  Terrestrial  Magnetism, 
both  on  land  and  sea,  is  deferred  until  about  1918.  By  that  time  there  will  be  available 
additional  data  from  the  Carnegie  in  the  Atlantic  Ocean  and  from  the  land  observers  in 
various  parts  of  the  globe.  Secular-va^tion  tables  may  then  be  successfully  constructed 
for  referring  all  (rf  the  accumulated  results  to  some  seleeted  date. 


428 


Rbpobts  on  Special  Rssbarchss 


MQ|lUtt 


Cruise  11, 1912 


Hautioal  niks 


Sifoa 

♦1' 

i 

-r 
-I' 

0' 

-1* 

•■•-•         "^. 

'- 

^» 

^ « ' 

*^*^. 

" 

1 

"•••.—.<" 

•-"  "v--- 

-'            — ■ 

-*.^^ 

1 

_^ 

^ 

"Sv 

n 
0* 

■*       -*— — 

— — -^*^ 

V. 

— — v^^^-^ 

-'             ' 

^  -r  ^  * 

-          —  ^ 

"X 

^ 

^ 

X 
V 



n 

0* 

"  ""  "^  •  -  - 

X            ^ 

• 

•1 

« 

00 

izl 

XX) 

13000 

itoo 

Naultcal  miST 


24000 


27000 


♦  1 
•i 

d 
-I" 

-2 


a  •  *. 


JkiAd 


n 


rr^" 


-f 


—        ■  '  ^  -* 


27000 


^0000  NauUcol   mUtt  53000 

Fig.  34. — Showing  Corrections  of  Magnetic-Declination  Charts  for  the  Pacific  Ocean,  1912. 
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PRELIMINARY  VALUES  OF  THE  ANNUAL  CHANGES  OF  THE  MAGNETIC 
ELEMENTS  AS  DETERMINED  FROM  THE  GALILEE  AND 

CARNEGIE  RESULTS.  19Q5-1916. 

DATA  AT  INTERSECnONS  OF  TRAOCS  OF  VESSELS. 

Explanatory  Rkmabxs. 

The  magnetic  results  of  the  OaltUe  and  the  Carnegie  have  been  compared  from  time  to 
tune  with  the  values  scaled  from  the  magnetic  charts  in  use.  As  has  been  seen  from  figures 
29-35,  systematic  errors  were  found  which  may  be  explained,  at  least  for  the  magnetic- 
declination  charts,  by  a  lack  of  accurate  information  of  the  secular  changes  over  the  ocean 
areas.  Constructors  of  magnetic  charts  have  been  obliged  to  rely  principally  upon  the 
secular  changes  shown  by  land  observations  along  the  coasts  and  on  the  islands,  or  upon 
more  or  less  imcertain  sea  observations,  separated  often  by  rather  long  intervals.  Plates 
20,  23,  24,  and  25  show  that  during  the  various  cruises  of  the  ChliUe  and  the  Carnegie^  a 
veritable  network  has  been  formed  by  the  crisscrossing  of  their  tracks. 

Theoretically,  every  crossing  should  furnish  data  regarding  secular  variation  in  each 
magnetic  element,  but  there  are  practical  difGiculties  in  securing  accurate  values  of  the 
annual  amounts  of  the  secular  variation  at  sea,  which  can  not  be  entirely  avoided.  If  the 
interval  of  time  between  the  observations  of  two  tracks  that  cross  is  very  short,  it  is  evident 
that  the  secular  variation  may  be  masked  by  observational  error.  The  comparison  then 
serves  only  as  some  measure  of  the  accuracy  of  the  results.  On  the  other  hand,  when  the 
time-interval  is  sufficientiy  large  the  average  annual  change  may  be  determined  with  some 
precision  for  the  time  considcured;  as  the  annual  change  itself  is  a  variable  quantity,  the 
accuracy  of  its  determination  can  not,  however,  be  increased  ad  Wntum  by  simply  increasing 
the  time-interval,  nor  can  it  be  assumed  that  the  annual  change  at  the  end  of  the  interval 
is  the  same  as  the  average  value  for  the  elapsed  interval. 

Another  difficulty,  peculiar  to  ocean  observations,  is  that  the  precise  point  of  a  former 
observation  can  not  usually  be  reoccupied,  and  the  difficulty  is  increased  when  the  declina- 
tion is  not  determined  at  the  same  time  and  place  as  the  other  magnetic  elements.  In 
order,  therefore,  to  compare  the  results  of  magnetic  observations  made  at  two  different 
dates  for  the  purpose  of  determining  the  average  annual  changes,  they  must  be  referred 
to  practically  the  same  geographic  position,  if,  as  most  frequently  happens,  the  values  of 
the  magnetic  elements  are  not  independent  of  the  geographic  position  within  the  area 
considered.  The  accuracy  of  the  determination  of  the  annual  change  is  therefore  improved 
by  increasing  the  number  of  observations  within  the  area  considered.  There  are,  however, 
practical  limits  to  the  number  of  observation-results  that  may  be  utilized.  If  they  extend 
beyond  the  area  over  which  their  changes  with  geographic  position  may  be  considered 
linear,  it  is  necessary  to  include  in  the  computation  of  the  value  of  the  magnetic  element  for 
some  common  point,  terms  containing  the  latitude  and  longitude  (fifferences  to  the  second 
degree  or  more,  and  the  number  of  unknowns  is  thus  increased ;  in  this  case  the  time  and 
labor  which  would  be  required  to  make  a  solution  are  justified  only  when  no  more  observa- 
tions are  likely  to  be  available  for  some  time  to  come. 

A  preliminary  investigation  of  the  distribution  of  the  magnetic-declination  values  over 
limited  areas  around  some  of  the  intersections  of  the  GalUee'Camegie  tracks,  shows  that 
a  single  determination  of  the  declination  may  occasionally  differ  many  minutes  from  the 
normal  value  as  indicated  by  the  remainder  of  the  group.  The  cause  of  such  abnormal 
values  is  not  always  known ;  there  might  have  been  local  disturbance  or  there  might  have 
been  abnormal  conditions  of  the  ship's  motion.  Whatever  the  cause,  the  inclusion  of  such 
a  station  in  a  group  that  is  utilized  to  detennine  the  average  annual  change,  may  seriously 
affect  the  result  sought,  especially,  if  the  group  is  composed  of  but  few  units.    The  presence 
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of  an  abnonnal  value  can  only  be  detected  when  there  are  a  sufficient  number  of  obser- 
vational results  to  determine  the  normal  value  with  fair  accuracy. 

At  sea,  the  distribution  of  stations  around  the  track-crossingSi  or  intersections,  can  not 
be  planned  with  certidnty.  Conditions  of  sea  and  weather,  and  the  ship's  course,  combine 
to  crowd  or  to  scatter  the  magnetic  observations  irregularly  along  the  tracks  followed. 
Consequently,  the  determination  of  the  annual  change  may  be  strong,  depending  on  many 
observations  for  both  dates,  or  it  may  be  weak  on  account  of  a  paucity  of  observations  at 
one  or  the  other  time. 

As  new  tracks  are  made,  the  crossings  become  more  frequent,  so  that  in  a  few  years 
more  the  annual  amount  of  tiie  secular  variation  for  a  given  period  may  be  determined  at 
any  desired  part  of  the  navigable  oceans.  For  the  present,  however,  the  average  annual 
changes  as  deduced  from  OalUee^amegie  cruises  to  date,  must  be  considered  as  preliminary, 
pending  additional  information  and  more  complete  investigation. 

The  preliminary  mean  annual  changes  for  the  three  magnetic  elements,  as  determined 
from  the  Galilee  and  Carnegie  results  for  an  interval  of  four  years  or  more,  between  August 
1005  and  September  1916,  are  given  in  Tables  96-98  for  the  Pacific,  Atlantic,  and 
Indian  Oceans,  with  the  time-intervals  for  which  they  apply.  The  number  of  observa- 
tional results  from  which  the  annual  change  is  deduced  is  given  for  each  date  and  also  the 
least  number  that  occurs  in  any  group.  These  numbers  together  with  the  elapsed  tune- 
intervals  are  some  indication  of  the  relative  reliability  of  the  corresponding  annual  change. 
When  the  least  numb^  is  3,  or  less,  the  corresponding  value  of  the  aioiual  change  must  be 
regarded  as  weakly  determined  until  future  results  confirm  the  linear  distribution  assumed 
and  the  absence  of  abnormal  values. 

In  these  preliminary  computations  no  attempt  has  been  made  to  eliminate  the  effects 
of  the  diurnal  variation  of  the  magnetic  elements.  In  general,  at  the  times  selected  for  the 
observations,  these  effects  are  small.  Furthermore,  usually  the  local  mean  times  are  about 
the  same  for  the  two  dates  of  comparisons  so  that  the  diurnal-variation  effects  are  practi- 
cally eliminated  in  taking  the  differences  of  the  values  of  the  magnetic  elements  at  the  two 
dates. 

The  annual  changes  given  in  Tables  96-98,  have  been  derived  by  several  different 
methods,  briefly  described  as  follows: 

a.  If  the  mean  geographic  positions  of  the  two  groups  of  observatioiis  for  the  two  intersecting 
tracks  are  practically  identical,  the  mean  values  of  the  magnetic  elements  of  each  of  the  two  groups 
are  taken  as  the  values  at  the  common  point  for  the  req)ective  dates.  The  difference  between  the 
two  values  of  each  element,  divided  by  the  elapsed  time,  is  taken  as  the  average  annual  change.  It 
most  frequently  hi^pens,  however,  that  the  mean  geographic  positions  for  the  two  dates  do  not 
coincide. 

b.  The  method  most  commonly  used  was  to  arrange  in  groups  the  observations  made  at  the 
intersection  of  two  or  more  tracks.  The  mean  values  of  the  dates,  geogn4>hic  positions,  and  cor- 
responding magnetic  elements  for  each  group  having  been  determined,  the  point  of  intersection  of 
lines  joining  the  mean  positions  of  the  two  groups  of  each  intersecting  cruise  was  found  gn^hically. 
By  the  method  of  simple  ratios  and  from  a  comparison  of  the  mean  values  of  date,  position,  and 
magnetic  elements,  as  determined  for  each  group,  the  magnetic  element  for  its  corresponding  date 
was  deduced  for  this  point  of  intersection. 

c.  When  two  groups  as  in  a,  or  four  groups  as  in  b,  were  not  available,  as,  for  example,  in 
the  case  of  the  observations  made  on  the  tracks  converging  to  Gardinttna  Bay,  then  a  least-square 
adjustment  was  made,  assuming  that  the  values  of  the  magnetic  elements  depend  up<m  their  geo- 
graphic position  and  that  the  value  of  an  element  E,  at  a  point  ^dioee  latitude  and  longitude  are 
^  and  X,  respecti  vdy ,  may  be  expressed  by  an  equation  of  the  form 

B^'B^+yA^+MAX  oos  ^ 

in  which  A4»^*^  AX>"X— Xt,  and  ^  Xf  are  the  geographic  coordinates  correqxmding  to  the 
approximate  mean  value  £#.    The  tenns  of  second  de^ee  and  above  have  been  omitted  and  oos  ^ 
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taken  as  oonstant  because  of  the  small  fliie  of  the  areas  here  involved.  In  order  to  reduce  the  obser- 
vations to  a  common  date,  corresponding  to  the  mean  date  of  all  the  tracks,  another  unknown  10,  the 
secular-variation  tenn,  is  included  in  tfa^  above  equation,  and  also  x,  the  most  probaUe  correction 
to  the  approximate  mean  value  £§,  of  the  element  in  question  at  the  point  ^  V  We  have  finally 
for  the  observation  equation 

B'^E^+x+yA^+BAX+wAt  (1) 


in  whidi  Ai  is  the  date  of  observations  minus  the  adopted  mean  date.  In  the  practical  ^yplication 
of  this  method  the  weights  assigned  to  the  various  remilts  in  the  Tables  of  Results  (see  pp.  97-104 
and  261-287)  have  been  applied. 

d.  The  values  of  x,  y,  and  i  have  sometimes  been  determined  f rcxn  the  data  of  one  track  only,  or 
both  tracks  separately,  from  the  equation 


ir-£;+x+yA^+«AX 


(2) 


The  values  of  the  magnetic  elements  for  some  point,  usuaDy  the  mean  position  of  one  gr^ 
then  been  calculated  from  the  x,y,f,  and  the  mean  value  and  mean  position  of  the  other  group.    The 
values  for  the  di£Ferent  epochs  thus  become  strictiy  comparable. 

The  methods  a  and  h  are  temporary  eq)edi6nt8  to  obtain  i^ypioziinate  values  ezpedi^ 
tiously .  The  method  c  is  to  be  preferred,  dnoe  it  has  the  advantagee  of  combining  obeerva- 
ticms  by  weights,  of  exhibiting  discordant  results,  also  of  indicating  thwriby  whether  the 
groups  cover  too  large  an  area  for  the  assumption  of  linear  changes;  as  it  involveB  consider- 
f^ly  more  time  and  labor,  its  general  application,  however,  must  be  def eired  to  a  later  date. 
Chief  assistance  in  the  determination  of  the  present  values  of  the  annual  changes  was  ren- 
dered by  Ck)mputer  C.  G.  EUmis. 

An  inspection  of  the  preliminary  values  of  the  annual  changes  in  Tables  96-M 
shows  that  tiie  quantities  are  of  the  same  general  order  of  magnitude  as  disclosed  hy 
observations  on  land.  As  already  stated,  the  discussion  of  the  values  is  deferred  untU 
additional  data  have  been  obtained.  The  annual  changes  for  the  dedinatkm  and  inclina- 
tion are  invariably  referred  to  the  northnseeking  end  of  the  magnetic  needle.  Thus  6'  W 
means  that  the  north-seeking  end  of  the  compass  moved  to  the  west  at  the  average  annual 
rate  of  6'  during  the  period  shown  in  the  third  column  of  the  tables;  1'  N  means  that  the 
northnseeking  end  of  the  dip  needle  moved  downwards  at  the  average  annual  rate  of  1' 
during  the  period  in  the  third  column. 

Preliminary  Averagb  Annual  Changes  m  the  Magnehg  Elbiients  Detebionbd  From 

THE  Galilee  and  the  Carnegie  Orservations,  1905-1916. 

Table  96. — Atferage  Annual  ChangtB  for  the  Indian  Ocean.* 


Lat. 

Long. 

East 

of  Gr. 

Approz.  Dates 

showing 
Time-Intervals 

Average  Annual  Change 

Number  of  Values  utilised  to  obtain  Annual  Change 

Decl'n 

Ind'n 

Hor.  Int. 

(Units  of 

fourth  dec.) 

C.  0.  8. 

Decl'n 

Inol'n  and 
Hor.  Int. 

Least  Number  in  any 
Group 

Deol'n 

Ind'n  and 
Hor.  Int. 

0 
37.5  8 
25.38 
35.38 
36.0  8 

0 
25.9 
60.6 
74.8 
95.4 

1902.4-1911.4 
1903.4-1911.6 
1903.3-1911.4 
1911.9-1916.1 

11  E 

5W 

13  W 

17  W 

/ 

10  and   5 

4  6 
7        12 

5  11 

5 

4 

7 

»5 

28 

-7 

5  and  7 

«6 

'The  first  three  entries  of  the  table  are  derived  from  the  intersections  of  the  tracks  of  the  Camdoie  in  1911  with  those 
of  the  OauM  (the  vessel  of  the  German  Antarctic  Expedition,  1902  and  1903);  see  Ttrr.  Mao*,  v.  16.  p.  136,  1911. 
*Two  groups  only. 
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Tablb  07.— iloera0«  Annual  Chemg€9for  the  AlianHe  Ocean, 


Lat. 

Long. 

East 

of  Or. 

Approz.  Dates 

showinc 
Time-Int«rvals 

DMl'n 

Ind*n 

Hor.  Int. 

(Unite  of 

fourth  dec.) 

C.  O.  9. 

Deel'n 

Incl*n  and 
Hor.  Int. 

Laast  Nmnbsr  in  any 
Group 

DMi'n 

Ind'oand 
Hor.  Int 

e 
50.4  N 

40.6  N 
48.4  N 

48.3  N 
46.2  N 
42.8  N 

42.7  N 

42.4  N 

80.0  N 

38.1  N 
21.1  N 

o 

331.3 
362.7 
343.0 
311.2 
346.6 
200.7 
343.0 
207.2 
201.1 
342.8 
326.2 

1000.8-1014.6 
1000.8-1013.7 
1000.8-1013.7 
1000.8-1014.7 
1000.8-1013.7 
1000.7-1014.8 
1000.0-1013.7 
1000.7-1014.8 
1000.7-1016.2 
1000.0-1013.8 
1000.0-1013.6 

4E 
7E 
8E 
4E 

4E 

'  '^  W 
6E 
7  W 

18 

0 

3  and    3 

6  8 

7  7 
7           0 

4  and     6 

•3 
>3 

2 

2 

........ 

2 

"  *«34* '  * 
2 

4 

2 

38 
48 
68 

+6 
+4 
+3 

2 

1 
2 

6  0 

7  8 

68 
IN 

+6 

-4 

2 
2 

34 

6           7 
10           0 

38 
10  8 

+1 
0 

2 
2 

'Thrae  groups  only. 


Two  groups  only. 


K)ne  adjustment  of  34  resulte;  probabla  srror  i^l!6. 


Tablb  W.-^Amnge  Annual  Ckangmfar  th$  Pacific 

(lOtSfl. 

Lat. 

Long. 

East 

of  Gr. 

Approz.  Datas 

showing 
Time-Intervab 

Average  Annual  Change 

Number  of  Values  utihaed  to  obtain  Anaiial  Chance 

Ded'n 

Ind'n 

Hor.  Int. 

(Unite  of 

fourth  dee.) 

c.  o.  e. 

Decl'n 

Ind'n  and 
Hor.  Int. 

Least  Number  in  any 
Group 

Deel'n 

Ind'n  and 
Hor.  Int. 

46.0  N 
46.0  N 
46.4  N 

42.8  N 
42.0  N 
41.2  N 

30.2  N 
36.7  N 

30.3  N 

27.2  N 

26.4  N 
10.6  N 
17.6  N 

16.3  N 

16.3  N 
14  6  N 

13.4  N 
HON 

7.6  N 
6.0  N 
2.0  N 
0.4  N 
1.68 
6.3  8 
11.88 
26.6  8 
31.0  8 

o 

160.2 
162.8 
164.1 
221.6 
100.4 
222.3 
231.6 
160.6 
144.1 
100.8 
131.0 
218.2 
144.8 
174.6 
174.6 
286.6 
230.0 
244.8 
164.1 
234.0 
161.4 
246.6 
178.6 
176.6 
216.8 
268.6 
187.8 

1006.7-1016.6 
1006.7-1016.6 
1006.7-1015.6 
1006.8-1016.7 
1007.0-1016.6 
1007.6-1016.7 
1006.8-1016.7 
1006.7-1016.6 
1006.6-1016.6 
1005.»-1015.5 
1007.4-1012.3 
1006.2-1016.4 
1006.6-1016.6 
1007.8-1012.3 
1012.3-1016.5 
1007.6-1015.4 
1007.8-1015.4 
1008.3-1016.3 
1006.6-1016.7 
1007.0-1012.6 
1007.2-1016.7 
1008.»-1012.6 
1006.4-1012.4 
1007.2-1012.4 
1007.1-1012.7 
1006.1-1013.0 
1012.5-1016.4 

*6W 
6W 
2E 
4W 
2E 
4E 

"iw 

2E 

0 

4£ 

*6*W'* 
3W 

*'2E 

"i'w" 

6E 

3W 

4E 

2W 

1  W 

7E 

0 

4E 

IN 

-2 

6    and    7 

^2 

•7 

2 
2 

. . .  .^. . . 

"i" 

2 
2 
«3 
8 
1 
2 
3 
2 

2 

7  and  13 
3           8 
2          10 

7  0 
6          10 

8  7 

IS 

0 

68 

18 

0 

2N 

0 

-2 

-2 

0 

+1 
-2 
-3 
-1 

6             8 

2 
2 
2 
2 

1 

»3 
2 

8           8 
8           7 

6  6 

7  12 

28 

IN 

18 

2N 

18 

6N 

+2 

-2 

-1 

0 

-7 
-1 

2 
3 

1 
2 
2 
2 

6            6 
6          11 

8            7 

4N 

78 

6N 

68 

4N 

68 

28 

0 

4N 

18 

-2 
-2 
-2 
-3 

+4 

+1 
-3 
-3 
-4 

-6 

6            16 

2 
2 
2 
3 
H 
3 
2 
2 
3 
3 

6          12 
6          16 
6          14 

3  6 
6            8 

4  10 

6  10 

7  8 
6          13 

'Three  groups  only. 


'Two  groups  only. 
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ANNUAL-CHANGE  DATA  AT  PORTS. 

From  the  shore  magnetio  observfttioDB  at  ports  of  eall  of  the  OalUee  and  the  CamBgi$f 
the  results  of  which  are  given  on  pages  105-110  and  296-810|  the  average  annual  changes  of 
the  magnetic  dements  may  be  detennined  at  all  ports  at  which  the  observations  have  been 
repeated  at  various  times,  which  is  often  the  case.  These  shore  repeat-observations  will  be 
utilised  m  conjunction  with  the  usual  land  magnetic  results,  the  discussion  of  which  is  to  be 
undertaken  in  a  subsequent  volume. 

Data  fob  Oabdinkbs  Bat  and  Gbbbnpobt,  Long  Island. 

It  will  be  of  interest  here  to  obtain  some  idea  of  the  aoouraey  attainable  in  the  deter- 
mination of  secular  changes  with  the  appliances  and  methods  used  in  the  Carnegie  work, 
when  the  observations  are  made  under  the  most  favorable  conditions.  For  this  purpose, 
the  results  of  observations  during  swings  of  tiie  Carnegie  in  Gardiners  Bay ,  100^1916,  are 
sdected,  and  comparisons  are  made  with  the  results  of  shore  observations  during 
at  Greenport,  about  8  miles  distant  from  th«  place  of  swing,  obtained  by  the  Carnegie 
observers  usmg  the  latest  types  of  magnetic  instruments  for  land  work.  The  results  of  tibe 
observations  for  Gardiners  Bay  will  be  found  in  the  tables  of  ocean  results,  pages  261-288, 
and  those  for  Greenport  on  pages  298-800.  All  the  results  have  been  oorreoted  for  diurnal 
variation  with  the  aid  of  the  records  of  the  magnetic  observatory  of  the  United  States  Ck>ast 
and  Geodetic  Survqr  at  Cheltenham,  Maryland,  a  factor  having  been  applied  to  refer  the 
corrections  to  the  observation-stations,  Gardiners  Bay  and  Greenport. 

Tjuna 00.— Jtoiiifo  qf  Magmik  ObmweHon§  <»  Gmrdkmn  Boy,  ieoe^ms. 
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Data  of 

Obser. 

▼ation 

Observed  Values 

Values  at  1012.6 

Residuals 

Deol'n 

Inol'n 

Hot.  In. 

Deel'n 

Ind'n 

Hor.In. 

D 

I 

H 

1000.40 
1010.46 
1013.06 
1014.78 

e      / 
10  40  W 

10  67  W 

11  10  W 
11  22  W 

72  06  N 
72  06  N 
72  11  N 
72  13  N 

.1832 
.1830 
.1811 
.1806 

o       / 

11  08  W 
11  10  W 
11  10  W 
11  08  W 

72  10  N 
72  08  N 
72  00  N 
72  10  N 

.1816 
.1810 
.1810 
.1817 

9 

-1.0 
+1.0 
+1.0 
-1.0 

9 

+0.8 
-1.2 
-0.2 
+0.8 

T 
-18 

+12 
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Table  99  contains  the  results  of  the  sea  magnetic  observations  in  Gardinere  Bay,  1909- 
1915,  all  referred  to  mean  of  day.  Details  regarding  conditions  prevailing  during  the  swin^ 
of  the  Carnegie  will  be  found  on  page  436.  From  the  values  of  the  magnetic  elements  in 
the  second,  third,  and  fourth  columns,  it  is  found  that  during  the  period,  1909-1915,  the 
average  changes  were  as  follows: 

West  declination  increased  6' 2  per  annum.  ^ 

North  inclination  increased  0!9  per  annum.  >  (3) 

Horisontal  intensity  decreased  0.00053  c.g.8.  per  annum,  j 

Table  100  contains  the  results  of  the  land  magnetic  observations  at  Greenport,  1909- 
1914,  all  referred  to  mean  of  day.  From  the  values  in  the  second,  third,  and  fourtti  columns, 
it  is  jfound  that  during  the  period,  1909-1914,  the  average  changes  were  as  fdlows: 

West  declination  increased  6' 2  per  annum.  ] 

North  inclination  increased  VA  per  annum.  >  (4) 

Horirontal  intensity  decreased  0.00052  c.  g.  s.  per  annum. ) 

The  agreement  between  the  average  annual  changes,  (3)  and  (4),  is  very  satisfactory. 
Taking  the  mean  of  the  two  sets  of  values,  (3)  and  (4),  the  observed  values  in  Tables  99 
and  100  are  referred  to  July  1, 1912  (1912.5).  Thus  the  quantities  given  in  the  fifth,  oxth, 
and  seventh  columns  of  the  two  tables  are  derived.  The  remaining  columns  contain  the 
residuals  resulting  by  the  subtraction  of  the  mean  values  for  1912.5  from  the  individual 
values.  The  fT-residuals  are  expressed  in  terms  of  7 » 0.00001  c.  o.  s.  The  probable 
errors  of  a  single  result  are  given  at  the  bottoms  of  the  two  tables.  It  will  be  seen  that 
the  accuracy  reached  for  the  swing  observations  in  Gardinere  Bay  is  satisfactory.  That 
the  probable  errore  of  the  horisontal-intencdty  observations  are  practically  the  same  for 
the  land  and  sea  work  here  discussed,  may  be  accidental;  it  should  be  remembered,  how- 
ever, that  the  sea  values  of  horisontal  intensity  are  derived  from  two  instruments  (the 
sea  deflector  and  the  sea  dip-circle)  and  that  the  time  consumed  is  about  twice  that  spent 
on  the  magnetometer  shore-work. 

ABSENCE  OF  MAGNETIC  DEVIATIONS  ON  IHE  CARNEGIE. 

It  was  explained  in  the  description  of  the  Carnegie  (pp.  160-183)  how  every  precaution 
possible  was  taken  in  the  construction  of  the  vessel  and  with  regard  to  the  installations  to 
insure  that,  at  the  various  places  where  the  magnetic  observations  were  to  be  made,  there 
would  be  no  magnetic  effects  of  the  kind  known  as  ''ship  deviations,''  of  sufficient  magni- 
tude to  be  taken  into  account.  In  the  constructicm  of  the  auxiliary-power  plant,  however, 
it  was  not  found  feasible  to  employ  exclusively  non-magnetic  metal.  Thus  certain  parts  of 
the  eng^e  (piston-rings,  cam-cfprings,  etc.,  see  p.  162)  had  to  be  made  of  steel.  Abmit  3  per 
cent  of  the  total  weight  of  metal  in  the  auxiliary-power  installation  is  magnetic  in  its 
character,  but,  according  to  calculation,  this  3  per  cent  could  not  cause  any  observaUe 
magnetic  effects  even  at  the  nearest  instrument  which  was  mounted  inside  the  after  obeerv- 
ing-dome  (Fl.  9),  41  feet  distant  from  the  engine.  However,  some  of  the  stores  whidi 
entered  into  the  equipment  of  the  vessel  for  her  long  voyages,  tor  example,  the  tin  eans 
containing  provisions,  were  also  of  a  magnetic  character,  and  that,  toQ,  of  a  variable  extent 
during  a  voyage.  Such  stores  were  stowed  in  the  extreme  after  part  of  the  vessel,  at  least 
61  feet  from  thenearest  observing-dome.^    Then,  again,  there  were  the  numerous  magnets 


^Special  tosti  made  at  Um  laboratory  of  Um  Departmoit  in  Wadiingtoii,  May  7.  19IS.  dMnrad  tbat  tiM 
qoadrantal  doriatkm  in  dodination  that  might  bo  cocpaoted  aa  tha  nault  of  a  lariaat  wamhm  of  tin  oana  likaly  to  ba  la  tha 
proriikm  atoraca-apaea  on  tha  CamtgU  at  any  ona  tima,  at  tha  diataaea  of  tha  naawit  macnatio  iaatnim«it»  would  ba  laaa 
than  0?02  or  lin  than  r.  Anaffaetof  thia  minor  order  of  macnitoda  woyldbapraetioallybQroiidtiMlhMita  of  aaovaoy  of  tha 
ooaap  obaaitationi,  though  it  oould  ba  datarminad,  wara  it  worth  whila.  from  a  mtmbar  of  awin^i  in  amooth  watar  and  in  a 
lagioii  of  no  k»eal  diatorbaaoa. 
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belonging  to  the  various  magnetic  and  electric  instruments  for  work  at  sea  and  on  shore, 
and|  furthennore,  the  steel  and  iron  tools  required  by  the  ^igineer  and  the  mechanician. 
These  magnetic  materials  were  also  stored  aft;  the  general  store  room  for  the  magnetic 
instruments  and  the  storeroom  for  the  tools  are  shown  in  Figure  9,  middle  plan,  page  162. 
Hence,  in  the  aggregate,  there  n[iight  be  considerable  magnetic  material  at  any  one  time  in 
the  after  part  of  the  vessel.  While,  according  to  calculation,  it  did  not  seem  possible  that 
xmder  any  conditions  likely  to  be  encountered  on  probable  cruises  of  the  Carnegie  there  would 
be  observable  effects  from  the  total  maogetic  material,  it  was  decided  to  control  this  matter 
ohservaUonaUy.  Accordingly,  from  time  to  time,  complete  series  of  magnetic  observations 
were  made  while  the  Carnegie  was  being  swung  just  as  thou^  she  were  a  magnetic  ship,  in 
fact,  observing  just  as  had  to  be  done  so  frequontly  in  the  QaUlee  work. 

These  ''swing  observations"  of  the  Carnegie  were  made  in  Gardiners  Bay,  usually  at 
the  begbming  and  end  of  a  cruise,  at  ports  where  it  was  known  from  previous  observations 
there  were  no  pronounced  local  magnetic  disturbances,  and  occasionally  at  sea.  Possibly 
in  the  course  of  a  year  there  were  from  6  to  10  of  these  iq)ecial  series  of  observations,  the 
stations  varying  considerably  in  magnetic  latitude. 

In  a  later  volume  there  will  be  brou^^t  together  the  results  from  all  ''swing  observa- 
tions" for  the  various  cruises  of  the  Carnegie.  It  must  suffice  for  the  present  {lurpose  to 
give  only  those  derived  from  the  Gardiners-Bay  swings,  1909-1916,  in  latitude  41^*  06' 
north  and  longitude  72^  13'  west  of  Greenwich.  The  results  for  each  heading  of  ship  are 
the  means  from  the  observations  on  the  pcnrt-helm  swing  and  on  the  starboardrhefan  swing. 
The  details  regarding  the  various  swings  are  as  follows: 

1909.  The  vessel  was  swung  on  September  1  and  2,  1909,  just  before  sailing  on  her  first  cruise 
(Cruise  I,  see  pp.  164-165).  Owing  to  inclement  weather  on  the  return  of  the  Carnegie  in  Februaiy 
1910,  the  ''swings"  in  Gardiners  Bay  were  omitted. 

1910.  The  Carnegie  was  swung  on  June  22, 23  and  25, 1910,  at  the  beginning  of  the  long  circum- 
navigation cruise  of  92,829  miles  (Cruise  II,  see  pp.  165-170). 

1913.  These  swing  observations  were  made  on  December  15  and  16, 1913,  aft^  the  CamegUfe 
return  from  Cruise  II. 

1914.  The  Carnegie  was  swung  on  October  16,  18,  19  and  20,  1914,  after  her  return  from  the 
extreme  northerly  cruise  (Cruise  III,  see  pp.  170-171). 

1915.  The  swing  observations  were  made  on  March  7  and  8,  1915,  as  the  Carnegie  b^an  the 
present  cruise  (Cruise  IV,  see  pp.  172-176). 

The  vessel  was  swung  by  her  own  engine  or  with  the  aid  of  a  tug.  Infonnaticm 
regarding  the  general  method  of  observation  followed  may  be  obtained  by  reference  to  ex- 
tracts from  Director's  instructions  (see  pp.  317--318).  If  no  interruption  occurred  because 
of  unfavorable  conditions,  the  total^time  consumed  for  a  complete  swing  of  8  headings, 
with  both  helms,  averaged  about  1  hour  for  declination,  and  about  3  hours  for  inclination 
and  intensity,  or  about  double  the  time  taken  for'  the  usual  ntiagnetic  observations  at  sea. 
For  Cruises  I  and  II,  the  Carnegie  was  in  command  of  W.  J.  Peters,  and  for  Cruises  III  and 
IV,  J.  P.  Ault  was  the  commanding  officer.  Various  observers  have  taken  part,  the  same 
magnetic  element  having  generally  been  observed  by  different  individuals  and  often  with 
different  instruments  from  year  to  year. 

The  residuals  given  in  Table  101  have  been  obtained  by  subtracting  the  mean  value 
of  the  observed  magnetic  element  for  the  8  headings  of  the  ship,  from  the  values  for  the 
individual  headings.  The  plus  sign  is  given  the  declination  (D)  when  east  and  tiie  inclina- 
tion (7)  when  the  northnaeeking  end  of  the  dip  needle  is  below  the  horison;  the  horizontal 
intensity  is  always  positive.  Diurnal-variation  corrections  were  applied  to  the  observa- 
tions on  the  various  headings  in  order  to  refer  all  values  to  the  same  time.  These  correc- 
tions were  obtained  from  the  results  at  the  Coast  and  Geodetic  Survey  Magnetic  Obeerva- 
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tory  at  Cheltenham,  Maryland,  with  an  approximate  factor  applied  to  those  for  declination 
to  refer  them  to  Gardiners  Bay. 

An  inspection  of  the  figures  in  Table  101  shows,  for  each  year  the  swing  observations 
were  made,  that  the  residuals  are  small;  for  D  and  /,  they  generally  are  lees  than  0?1,  and 
for  H,  usually  less  than  0.0005  c.q.s.  The  reuduals  are,  in  fact,  on  the  order  of  the  error  of 
observation. 


(The  rend<uli  u«  Mpratj  in  minutM  of  an  lor  d«diiwUoti  mh)  inolioation,  ami  Id  uniu  of  tlia  fourth  dsoiiiial  c.a. 
for  boriloDtal  lotoiulty.  A  pliu  Bixn  meaiu  &  deflection  of  the  Dortb-eeeldag  eod  of  the  mscnetia  oMdle  tomrdi  the  eait  i 
downwudi;  it  kUo  nKniSei  en  inoreaaed  Talue  of  horiaoDtal  intenmty.) 


The  observations  were  found  to  be  of  such  an  order  of  accuracy  as  to  warrant  a  separa- 
tion of  tiie  results  for  the  port-helm  swing  and  the  starboard-helm  swing.  When  this  waa 
done,  it  appeared  at  first  that  there  was  some  evidence  of  small  ship-deviation  effects. 
However,  when  the  results  were  analyzed,  it  turned  out  that  the  effects  were  to  be  ascribed 
to  small  local  disturbances  at  the  place  of  swing,  in  Gardiners  Bay,  of  the  same  nature  as 
those  shown  by  magnetic  observations  on  islands  close  by.  While  the  vessel  was  swimg 
around  the  anchored  buoy,  she  would  pass  over  scnnewhat  different  "bottom"  or  ground, 
the  area  of  swing  being  covered  by  a  circle  of  about  2  or  3  miles  diameter,  and  the  average 
depth  of  the  water  bdng  about  6  fathoms. 

The  fined  amdusions  were : 

1.  Tliat  the  residuals  from  the  swing  observations  in  Gardiners  Bay  could  be  fully 
explained  by  errors  of  observation  and  by  small  local  insularities  in  the  Earth's  magnetic 
fidd  within  the  region  of  the  swings. 

2.  That  if  th^  are  outstanding  effects  to  be  ascribed  to  any  magnetic  mat^ial  on  the 
Carnegie,  they  are  of  such  a  subordinate  magnitude  as  not  to  require  being  taken  into 
account  in  the  observational,  or  in  the  computational  work. 

Possibly  no  further  testimony  is  needed  as  to  the  perfection  reached  in  the  ocean  mag- 
netic work  on  the  Carnegie  than  that  afforded  by  Tables  99  and  101.  It  is  seen  that,  under 
(svonble  conditions  of  sea  and  weather,  it  is  possible,  with  the  instrumental  ^plianoes  and 
methods  used  on  the  Came^,  to  make  magnetic  observations  approaching  in  accuracy  those 
made  ashore  on  fixed  supports. 
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GREATER  PROBLEMS  OF  THE  EARTFTS  MAGNETISM 


ions  lelatiDg  to  the  settlement,  as  far  as  possible^  of  some  of  the  outstanding 
questions  of  fundamental  importance  to  theories  concerning  the  origin  of  the  Earth's 
magnetic  field  are  in  progress.  Final  reports  and  announcement  ci  ddBnite  results  must 
be  deferred,  however,  until  the  accumulated  magnetic  data  on  land  and  sea  have  all  been 
referred  to  the  same  date. 

One  of  the  so-called  ''greater  problems  of  the  Earth's  magnetism"  is  the  detenninar 
tion  of  the  various  systems  of  magnetic  forces  which  together  make  up  the  total  terrestrial 
magnetic  field  as  observed  on  the  Earth's  surface.  From  previous  mathematical  analyses 
of  the  Earth's  magnetic  field,  notably  that  of  Adolf  Schmidt,  it  would  i^ypear  that  the 
major  portion  (about  95  per  cent)  of  the  field  must  be  ascribed  to  systems  of  magnetic  or 
electric  forces  hehw  the  Earth's  surface.  The  remaining  portion  (about  5  per  cent)  of  the 
field  may  have  to  be  ascribed  to  systems  of  forces,  ci^Mible  of  producing  magnetic  effects, 
which  exist  in  the  regions  above  the  surface.  These  external  systems  may,  for  example, 
consist  partiy  of  dectric  currente  circulating  ova*head,  parallel  to  the  Earth's  surface,  and 
partly  to  systems  of  electric  currente  passing  perpendiculariy  throu|^  the  surface.  The 
latter  external  system  is  a  so-called  ''non-potential  qrstem";  the  definite  detennination 
of  ite  existence,  or  non-existence,  is  a  matter  of  interest  and  importance  with  reference  both 
to  the  subjecto  of  terrestrial  magnetism  and  atmospheric  electricity.  The  solution  involves 
the  computetion  of  the  line-integral  of  the  magnetic  force  around  a  dosed  path  on  the 
Earth's  surface.  An  inq)ection  of  Plate  20,  or  of  Plates  23-25,  will  show  how  the  cruises 
of  the  OalHee  and  the  Carnegie  have  been  executed  with  the  epecial  view  of  having  numerous 
closed  drcuito,  conq>rising  both  large  and  small  areas.  The  desired  line-integrals  may, 
th^r^ore,  be  computed,  when  all  date  have  been  reduced  to  a  common  date,  for  areas  in 
various  parte  of  the  Earth,  and  also  for  parallels  of  latitude  completdy  around  the  Earth. 

The  accurate  detem^nation  of  the  first  of  the  external  sjrstems  mentioned  (that 
possibly  caused  by  overiiead  electric  currmto),  will  be  of  fundamental  inqwrtance,  eepe- 
cially,  if  it  should  prove  possible  also  to  ascertain  definitely  how  the  system  changes  with 
lapse  of  time. 

Owing  to  the  inaccurades  of  the  magnetic  charto,  or  of  the  magnetic  date  on  which 
previous  investigations  have  been  based,  much  uncertainty  prevails  as  to  the  precise 
reliability  of  the  conclusions  reached  by  past  investigators.  Thus  Schiister,  when  referring 
recently  to  the  solution  of  some  of  the  vexed  questions,  says:  ''This  demands  a  more 
accurate  survey  of  the  Earth  as  a  whole  than  we  possess  at  present,  and  we  look  forward  to 
the  magnetic  survey  of  the  Carnegie  Institution  of  Washington  for  the  required  date." 

Some  studies  have  likewise  been  made  of  the  causes  which  produce  the  manifold  com- 
plexities of  the  Earth's  magnetic  field — ^what  forces,  for  example,  cause  the  geographic 
departures  from  the  simple  or  imiform  type  of  field.  It  appears  that  these  "geographic 
variations,"  represented  by  the  higher  harmonics  of  the  potential  expression  used  to  express 
mathematically  the  major  portion  of  the  terrestrial  field,  are  not  of  the  heterogeneous 
character  they  would  be  if  caused  chiefly  by  the  distribution  of  land  and  water,  or  by  lack 
of  homogeneity  in  the  constitution  of  the  Earth. 

The  precise  characteristics  of  the  phenomenon  of  the  secular  variation  of  terrestrial 
magnetism  is  of  fundamentel  importance  in  connection  with  theories  of  the  origin  of  the 
Earth's  magnetic  field.  The  definite  limitetions  imposed  by  the  variations  in  the  Earth's 
magnetic  field,  both  of  the  periodic  and  aperiodic  kind,  and  the  departures  of  the  field 
from  the  simple  xmifonn  type,  are  too  frequently  overlooked.  Most  theories,  for  example, 
are  foimd  inadequate  when  the  attempt  is  made  to  explain,  besides  the  origin  of  the  field, 
the  secular  variation,  as  it  is  actually  observed. 
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Engine,  aee  Auziliaiy  Power 
England,  aee  Great  Britain 
Ennia,  C.  C  260,  432 
BrtbuB  and  Taror,  eruisea,  aee  pla.  23-26 
Errors,  eharts.  166,  171,  173,  260,  423,  429;  magnetic  de- 
ments, 267.  268;  geographic  positions,  231,  267 
Europe,  297-2M,  SIO,  Sll 
Extracts,  Director's  Instructions,  316-324;  Fidd  Reports, 

326-330 
Falkland  Islanda,  see  Port  Stanley 
Falmouth,  164,  166,  160,  171,  187,  180,  241,  211,  284,  2f7, 

288, 310,  331,  332,  345-347;  see  Falmouth  Observatory, 

Trefusis  Point 
Fahnouth  Observatory,  164,  288,  SIO,  811;  see  Falmouth 
Farr,  C.  Coleridge,  174 
Fernando,  8.  M.,  314 
Field  Reports,  326-330 
Fiii  Iriands,  808,  SIS;  see  Suva,  Suva  Vou 
Fisk,  H.  W.,  260 

Fleming,  J.  A.,  166,  177,  100.  106,  260 
Forms,  176;  qDedmens,  212-230,  234,  240,  243-260 
Foveanz  Strait,  loeal  disturbance,  174,  201 
Fox,  W.  L.,  160 
Frary,  H.  D.,  169,  260 
Freitas  Beach,  see  Rio  de  Janeiro 
Funchal,  164.  262,  804,  314,  331,  332 
OiUilse,  167,  160;  summary  of  sea  work,  368;  pis.  20.  23,  24 
Galvanometer,  for  use  with  earth  inductor,  199;  pt  14,  fig.  4 
Gardiners  Bay,  164,  166,  172,  281,  268.  28S.  287,  330.  333, 

347,  349,  360.  434-437 
OonM.  167-160.  432;  cruises,  pis.  23,  26 
OoMdU,  cruises,  pb.  23-26 
Geographic  Positions  at  Sea,  methods  and  specimen  observa- 

tions,  226-231;  accuracy  of,  231,  267;  pi.  16,  fig.  1 
Gielow,  H.  J.,  169,  166,  172 

Gimbal  Stand,  mounting  on  ship,  168;  196-197;  pi.  14 
Glasebrook.  R.  T.,  169 
Graduation  EIrrors,  compass  cards,  232-236 
Great  Britain,  169, 287, 288,  310,  311;  see  Fahnouth 
GrMiport,  166,  109,  171,  187,  189,  287,  288,  311,  313,  333, 

346,  347,  349,  434 
Gr«nfeU  Association.  170 
Grotta,  804,  313;  see  Reykjavik 
Guam,  176,  176,  365,  366 
Haaien  Island,  288,  311 
Hamflton,  Bermuda,  164,  263,  331,  332 
Hammerfest,  170,  171,  238,  288, 288,  288,  311,  348,  349;  pL 

16,  fig.  2 
Harradon,  H.  D.,  260 
HartneU.  G.,  166 
Hawaiian  Islands,  see  Honolulu 
Hewlett,  C.  W.,  168,  169,  200,  260 
Hiehnen  Island,  288.  311 

Honolulu.  172, 173. 360. 361. 366;  see  Honohilu  Observatory 
Honolulu  Observatory.  173.  324;  see  Sisal 
Horison.  Dip  of,  367;  measurer,  206.  208,  200,  211 
Horisontal  Intensity,  sea  deflectors,  190-196;  specimen  sea 

observations,    216-218;  reduction   formula,    236-241; 

instructions,  316-324;  pis.  12.  13 
Hudson  Bay  Work,  170;  pis.  23,  24 
Humboldt,  von,  thunder  at  sea,  826 
Hunt's  Island  or  Spectacle  Island,  164,  888,  313 
loeUnd,  888.  884.  313,  314;  ■«  Reykjavik 
Inclination,  see  Magnetie  Inclination 
Indian  Ocean.  287-272  (cruise  II);  chart  eotractfons,  426, 

427;  see  Southern  Oceans,  Islanda  Indian  Ocean 
Inductor,  see  Earth  Inductor 
Instructions,  Director's,  for  cruises  and  work,  816-^24;  sea 

Methods  of  Work 
Iniitmmental  Outfit.  208-211 


Inatrumento,  177-203;  list  and  designations,  203-211;  ooni- 
parisonaof,  208 

Intensity,  see  Horisontal  Intensify,  Total  Intensity 

International  Magnetic  Standards,  282 

Investigationa,  q>eeial,  367,  438 

Islands,  Athmtie  Ocean,  88t-888, 313,  314 

Islands,  Indian  Ocean,  888, 807,  314*  315 

Uanda,  Pacific  Ocean,  808.  808.  315 

Jaburu,  near  Bahia,  168,  241,  881,  313;  pi.  19.  fig.  2 

Jamestown.  168,  281,  282,  344-347;  see  St.  Helena 

Java,  887,  314;  mc  Batavia 

Johnston,  H.  F.,  166,  160.  170.  172.  260 

Jones,  B..  172,  260 

Kelvin  Compaas,  203,  206,  208 

KiaUurnea,  80S,  313;  see  Reykjavik 

Kidaon,  E.,  164,  166,  169, 170,  260 

King  Edward  Cove,  174,  327,  863;  pi.  18,  fig.  1;  see  South 
Georgia 

B[noche,  Walter,  168 

Land  Dip<2ircle,  deacriptiona  and  correctiona,  264-266 

Land  Magnetic  Instruments,  203,  204,  206,  207,  200,  210, 
262-266;  pL  17,  fig.  4 

Latitude  Observationa,  at  sea,  229-231;  pi.  16,  fig.  1 

Lindsay  IsUnd,  position  of,  327,  328 

UtUefiekl,  C.  E.,  164 

Local  Disturbance,  magnetic,  164,  171,  172,  174.  261,  263, 
260,  272,  276,  284, 286,  287,  290. 291,  299, 800, 303-306. 
307,  809;  designation  for,  260 

Logs,  Abatracto  of,  330-^7 

Long  Island  Sound,  pL  8,  fig.  1 

Longitude  Observationa,  at  sea,  22^231 

Longwood,  187, 180,  241, 884, 888,  314:  see  Jamestown 

Loring,  C.  F.,  172,  260 

Luke,  I.  A.,  170,  172,  260 

Lyttelton,  see  Port  Lyttelton 

Bdadeiraa,  884, 314;  ne  Funehal 

Magnetie  Charta,  corrwtiona  of.  166, 171, 173,  26a  423-420; 
construction  of,  427,  488 

Magnetic  Declination,  aea  instruments,  177-190;  list  and 
designationa.  203,  204.  206,  208,  210;  specimen  sea 
observationa,  212-216;  reduction  formula,  282-236; 
instructions,  816^824;  pla.  7  (fig.  4),  11  (fig.  8),  16  (fig.  8) 

Magnetic  Dislarbanca,  aee  Loeal  Disturbance 

Magnetie  Elementa,  accuracy*  267.  268;  correctiona,  250; 
281-888;  annual  changea.  480-436 

Magnetic  Inclination,  aea  dip-eirolea,  196, 196;  marine  earth- 
inductor,  196-20(2;  specimen  sea  obaervationa  and  eom- 
putationa,  221-224;  specimen  land  observations,  243 
244;  reduction  formubs,  242,  260-262;  instructions, 
816-324;pL7,  fig.  6 

MagneUc  Inatruments,  for  land,  208, 204, 206,  207,  200. 210; 
Constanta  and  Correctiona,  262-266;  pL  17,  fig.  4 

Magnetie  Instruments,  for  sea,  general  considerations,  177; 
desoriptions,  177-202;  mounting  aboard,  202,  208;  pla. 
9  and  11-16 

Magnetic  Inatrumenta.  liat  of,  208-211 

Magnetic  Intenaity,  aee  Horisontal  Intensity.  Total  Inten- 
rity 

Magnetie  Obaervationa,  1900-1916,  Ocean,  difficulties,  167- 
160;  specimens,  212-226;  eiplaiiatory  remariDi,  267-260; 
distribution  of  stationa,  260;  obeervera  and^computers, 
260, 281-288;  pL  16.  fig.  2 ;  see  Observationa 

Magnetic  Obaervationa,  1900-1914,  Shore,  specimen  observa- 
tions, 284.  240,  248-246,  248-260;  288^888;  310^15; 
pla.  16. 18:  Ma  Obaervationa 

Maffietie  Standarda  Adopted,  282 

Magnetie  SUtions,  distribution  at  aea,  260, 368;  deacriptiona 
of  shore,  310^15 

Magnetic  Surveys,  Ocean,  sUtus  1918,  368;  see'^ Earth'a 


Magnetie  Work,  aummaiy  sea  work,  368;  pla.  20,  23-26;  aee 

Magnetie  Obasrvations 
Magnetometera,  203,  262-264;  pi.  17,  fig.  4 
Manila,  273,  888-840. 847;  aae  Antipok> 
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Pw>  Pw).  17S,  323.  364-366 

pMnpIoDoiuMa,  241,  ai7,  d/^.  9/5;  aee  Mmuritiiu 

PMlwn*,  m  Colon  u>d  Balboa 

Papeete.  1(17, 108. 187.  189.  200.  203.  241.  277.  Sn.  SIS.  341, 

342,  347;  na  Tahiti 
Para.  IM.  206, 333,  334,  347;  lee  Pintiein) 
PawagM,  SomnMiy  of.  332  (orate  I);  347  (oniiae  11) '349 

(oraiM  m) ;  3M  (onuaa  IV} ;  357  (eniine.  leOO-lfl] ;  p).  20 
Pernambuoo,  M,  Sli 

FVKwnd.  104,  IM,  108,  109,  170,  172,  200:  pU.  16,  10,  18 
FM«n,  W.  X,  UU,  IM,  1S4, 166, 16».  170. 172. 177.  20B,  207, 

208,  200,  Sl«,  317, 326.  330.  333. 423, 430 
PhilipffiiM  IfUnda.  tK.  SIB;  na  Manih 
Philippe,  1.  B.,  ISO 

Pilar  Masaetio  Gbmmiarr,  106,  1S7.  180,  nt.  Sit 
Piahaini.  106.  1S7,  180,  Sn.  Ml.  Stt;  na  Para 
Poor,  C.  L..  311 
Port  Aprs,  aee  Goam 
Porthallow,  160.  2W.  all 
Port  Louis,  107,  260.  337,  347;  pi.  16,  fit  1;  aee  Panirie- 

Port  LrttdtoD,  172-174.  361-360;  pL  17.  fif.  6;  tJ.  18,  fi» 

4-6;  we  New  Brixton  BcMdi 
Pwt  UulM.  264,  333,  347;  aae  Smi  Juan,  ^equca 
pOTto  Riea,  aee  Culebra  I.,  Port  Mnlaa,  Ban  Juan.  Tleqoea 


S44,  UO-asa,  nS-aU;  id.  UimHwMlklMllMttlaa. 

Total  Intcn^tr 
Beeolat  Variation  or  Chance,  160.  328,  430-135 
Beitanta.204.  306,  207,  209,  211;pL  16.  fie.  1 
Bbaw.  W.  N..  lae 

BMtat  bland.  109;  ne  Dtnins  Harbor 
Shore  ObaerratioDt,  tee  Macnetw  ObaervalioDs.  Shore 
Siaal,  naHonohihi 
Ske;-.  H.  F„  174 
Skibnoaa  Fiord.  2W.  Sll 

SmaU  Coral  Uand,  241,  MS,  915:  aw  Papeete 
Smith.  Cari  D..  164,  166 
Smith,  D.  P.,  164.  105 
Sode^  Iilanda,  M,  SIS;  aee  Tahiti 
Sorenaen.  A.  H.,  172 
SoroBund,  NorwK)',  pL  10,  fig.  3 
South  America,  m  n2.  Stt,  SIS 
SoullMcn  Ooeana,  2n^n  (ouiae  IV) ;  chart  cocrectioDB,  328. 

420,437 
South  Geonia.  174. 202. 326, 327. 363;  aee  Kinc  Edward  Cove 
Spedmena,  obawrationa  and  eompalatiana,  212-231 
^wctade  Tj.nj  iBe  Bunt'a  l«i«i"< 
Spry.  160,  311 

Standaid  Compaaa,  on  the  Cvnvi^  177 
Staodaiditlas  ObMmlMT,  at  WaaUntfoa,  177;  pi.  21 
Standank,  Uataatie,  sn 
Staaley,  tee  Port  Stanley 
StetloM,  diatributiou  at  eea,  260, 368;  d 

SIO-SIS 
Btonn,  R.  E..  170 
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Sob-Antoretlo  Voyafe  of  Um  CarntQie,  174,  326-330;  pi.  18; 

ofawt  oomotioiis,  426,  427;  ne  Southern  Oeeani 
Summaiy  of  Pa—igM,  of  tho  CamtgU,  332,  347,  349,  366- 

368 
SappUfls,  211 

Savm,  167, 168,  275,  340,  341.  347;  see  Suva  Vou 
Sura  Vou,  186,  187,  180,  234,  230,  240-244,  248-260,  800, 

SIS;  aee  Suva 
Swann,  W.  F.  O.,  172 
Sweetwater,  i>l.  10,  fig.  4;  tee  Colon 
Swinci  of  Venel,  164,  176;  Director's  Initructions,  316-318; 

to  ahow  absence  of  deviations,  435-437;  pi.  16,  fig.  3. 
Symbols,  for  sea  and  weather,  258;  for  instruments,  258 
Ssmopees  of  Cruises,  164-176 

Tables  of  Results,  ocean  work,  2S1-206;  shore  work,  206  809 
Tafel,  R.  R.,  164,  260 
Tahiti,  see  Papeete,  Small  Coral  Island 
Taleahuano,  168,  270,  342,  343,  347;  see  Coronet 
Tebo  Yacht  Basin  Co.,  150,  165,  316;  see  Downey,  W. 
Thorpe,  E.,  164,  160 
Thunder  at  Sea,  notes  on,  325-326 
Tietjen  and  Lang.  170,  172 
Tittman,  O.  H.,  165 


Total  Intensity,  sea  dip-circle,  105.  100;  specimen  obssrva- 
tions.  218-220,  247-260;  reduction  formuln  and  oon- 
■tanta.  247-269;  inatnietioos,  316-324 

Trefuaia  Pdint,  169,  322;  see  Fafanouth 

Truro,  169, 297,  Sll 

United  States,  299, 999,  5//,  319 

Uruguay,  see  Montevideo 

Valkenburg,  see  Cape  Town 

Variation  of  the  Compass,  see  Magnetic  Declination 

Victoria,  999,  SJ9;  see  Buenos  Aires 

Videy  Idand.  994,  S14:  see  Reykjavik 

Vieques  (P6rto  Rico  Observatory),  165,  187,  180,  996,  899, 
814:  aee  Port  Mulas 

Walter,  A.,  167 

Wadiingtcm,  177,  187.  180,  203,  232,  238,  241.  242,  247.  254, 
260;  see  pi.  21 

Watdiee,  204,  205,  207-200,  211 

Wei^ts,  used  fw  ocean  observations.  258,  250 

Welker,  P.  A.,  167 

Weltevreden,  see  Batavia 

West  Indies,  999, 999,  814 

Widmer,  J.  A.,  177,  200,  260 

Woodward,  R.  S.,  president,  Carnegie  Institution  of  Wash- 
ington, 166 
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Aibling  (Bavaria).  406,  409 

Air-Earth  Current-Density,  for  Camegie^t  Cruise  III,  37S- 
S74;  for  Camegie'a  Cruise  IV,  377,  4ll»-407,  411,  412; 
diurnal  variation  of,  407,  406;  annual  variation  of,  874, 
420, 421;  coUeotion  of  miscellaneous  values,  400 

Alaska,  364 

Altjoch  am  Koohelsee  (upper  Bavaria),  413 

Amaion.  406, 406 

Angenheister,  G.,  410 

Annual  variation,  420,  421 

Ansel,  409 

Argentina,  409 

Atlantic  Ocean,  observations  over,  966--S7S,  403,  406,^407, 
410-413;  effect  of  radioactive  content  in  air  over,  41S, 
416;  diurnal  variations  over,  420  ^  (^ 

Atmoepherio-Electridty,  subjects,  362;  quantities'measured 
on  OaUUe*9  Ouise  III,  364;  on  CorrM^M's  Cruise  I,  366; 
on  Cameoie^B  Ouise  II,  360;  on  CarfMois's  Ouise  III, 
372;  on  Cameou**  Cruise  IV,  377 

Ault,  J.  P.,  361,  372,  376 

Batavia,  410 

Bauer,  L.  A.,  361,  see  Director 

Bemdt,  40^-410,  420 

Besold.  von,  363 

Boltsmann,  410 

Burbank,365 

Catibration  of  instruments,  382-384,  388,  392 

Caribbean  Sea,  407 

Carinthia,409 

CsriMVMf  courses  of,  Ouise  I,  366;  Cruise  II,  360,  370; 
Cruise  m.  372,  373;  Cruise  IV,  370 

Carse  and  McOwan,  400 

Chree,  363 

Computations,  specimens,  397-401 

Conclusions,  summary  of.  Cruise  IV,  Carnegie,  422 

Conductivity,  for  GaliUe'e  Cruise  III,  365, 366 ;  for  Carnegie* 9 
Cruise  I,  867;  for  Carnegie* $  Cruise  II,  870-472;  for 
Carnegie* 9  Cruise  III,  373, 874;  for  Carnegie* e  Cnnse  IV, 
382-^86,  403-407,  411,  422;  dependence  of,  upon  radio- 
active content,  415-416;  effect  of  proximity  of  land  on, 
367,  371,  372,  375;  diurnal  variation  of,  367.  407,  408; 
annual  variation  of,  373, 374 ;  specimen  forms  for  record- 
ing, 398. 401 ;  collection  of  miscellaneous  values,  409, 410 

Cook  Strait.  New  Zealand,  364 

Csermak.  409 

Danube  River.  408 

Daunderer,  406.  409 

Davos.  408.  409 

Department  of  Terrestrial  Magnetism,  laboratory,  363;  pi.  21 

Dike.  P.  H..  361.  364.  367-369.  410 

Director.  363.  360;  see  Bauer,  L.  A. 

Diurnal  Variation.  367.  416-420.  422 

Dobson.  408.  412 

Domo.  408.  409 

Ebert,  363,  386,  408.  409 

Edinburgh.  409 

Einthoven.  378 

Electricity,  terrestrial,  362;  see  Atmospheric  Electricity 

Electroscopes,  types  suitable  for  ocean  work,  378.  379 

Elster  and  Geitel,  362-364,  368,  369,  373.  375.  300.  413 

Elmanation  Content  of  Atmosphere,  see  Radioactive  Content 
of  Atmosphere 

Erikson.  418 

Eakdalemuir.  408 

Eve.  369.  410.  413.  415 

Falmouth.  367 

Fleming,  J.  A.,  363 

Freiburg  (Switserland).  408,  409.  413.  419 
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Fourier  Analjrsis,  for  potential-gradient  and  ionic  content. 
418,422 

GWIae,  course  of,  364 

Oardiners  Bay,  372 

Geitel,  see  Elster  and  Geitel 

Geidien,  366,  373,  384, 400 

Gmunden  (upper  Austria),  400 

Oockel,  A..  406, 409, 418. 410 

G6ttingen,  409 

Graets,  L.,  408 

GrOnau  (upper  Austria),  400 

Hamilton  Harbor,  367,  368 

Hess,  406 

Hewlett,  C.  W.,  361,  360, 871,  390.  410,  418, 416 

Hoohtal  Afosa  (Switseriand),  418 

Iceland,  400 

Indian  Ocean,  observations  over,  369. 870, 871, 410, 412,  417 

Innsbruck,  400 

Instruments  for  Atmosph^o-Electric  Work,  potential-gradi- 
ent, 364,  360,  372, 380,  381 ;  conductivi<y,  365,  367. 369. 
373,  382-386;  ionic  content,  373,  386-389;  penetrating 
radiation.  389;  radioactive  content  of  the  atmoq^iere, 
364,  868,  369,  373,  390-303;  types  of  electroscope  used, 
378,  370;  obeerving  house,  379.  pL  22;  arrangement  of 
instruments.  pL  22 

Introduction.  361^363 

Ionic  content,  for  Carnegie* e  Ouise  III,  373, 874, 375 ;  for  Car- 
negie*9  Cruise  IV.  386-380, 408-407, 411. 422;  causes  of 
over  ocean,  414-416;  part  played  by  large  ions,  415; 
diurnal  variation  of,  407,  ^6-420,  422;  annual  varia- 
tion of,  420.421;  spedmen  forms  for  recording,  896, 401 ; 
collection  of  miscellaneous  values  of,  406,  410;  instru- 
ments, pL  22 

Ions,  velocities  of,  see  Specific  Ionic  Velocity 

Jachenau  (upper  Bavaria),  406 

Johnston,  H.  F.,  361,  360, 871, 372, 377, 410, 411. 418,  416 

Jones.  B..  361,  377 

Kihler,409 

Kalocsa  (Hungary).  406 

Karasjok  (Lapland).  408.  410.  413.  419 

Kelvin.  302 

Kew.  408.  410.  412.  418 

Kidson.  E..  361.  366.  360.  871.  375.  410 

Knoche.  W..  369.  410.  412.  413 

Kohlrausch.  374.  406-410.  414.  416 

Kotterman.  C.  A.,  363 

KremsmOnster,  410.  418 

Kurs,  K..  366.  374.  416 

Laboratory,  at  Washington.  363;  pi.  21 

Langevin  Ions,  effect  on  conductivity,  375;  effect  on  Ri>ecific 
velocity  measurements.  412;  relative  importance  on 
land  and  sea.  415 

Linke.  F..  413 

Long  Island  Sound.  367.  373.  374.  375 

LAdeling.  408 

Luke.  I.  A..  361,  377 

LuU.  360.  409 

McOwan.  409 

Mache.  409 

Madeira.  367 

Mascart.  E..  363 

Mattsee  (Salsburg).  408.  409 

Mauchly.  S.  J..  361.  363.  377,  302 

Mediterranean.  410 

Meteorological  Elements,  measurement  of,  397 ;  influence  of 
on  atmospheric-eleotric  data.  370,  371.  374;  specimen 
form  for  recording,  401;  complete  data  for  Carnegi^.'s 
Cruise  IV,  408-405 


HoMow.  4M  RowUod.  363 

Hankh.  40K.  4M,  410.  41S  Buekw,  Arthur.  363 

Niofaol*,  E.  H..  4U  a«*lM,  W.,  4U 

NlppoMt.  A..  373  St.  Oil««i  (S^bnrs).  M» 

ObvBTTmtioiu,    AbncMphsrio-ElectTia.    Cniin    III,    GoIvIm.       SslpMo'.  J.,  393 

aM-3M:  CniiM*  I-III.  Carmeit.  3ae-37B;  Cruwa  IV,       Msburg,  408. 400 

Canuoit.  ITO-423;  apeaiatDM,  SOT-401 ;  tabic*  uid  di>'      **»""» ,  418 

euMion  of  nnilta  (Cniue  TV),  40Z-422  8eh(ut«T.  Arthur.  363 

ObaMTing  Houao,  on  tfaa  ConuvH.  379;  pi.  22  SdiiraKller,  E.  voa,  400,  409.  4U.  418 

OMUohanM  (CHinthu),  400  Ssehun  (8>libiirs),408,400 

Puifio  Ooaui,  obMTVBtioDa  over.  804-306, 100-372, 401-407.       S«e«al(ilMa  <up[)«r  Auttris).  406.  400 

410-4S;  «iiallu«M  of  radioMothre  ooatAnt  ov«r,  S04, 

30B,  S71,  373, 413-414 
PM!iiii,410 

pMblM  (SooUud).  400 
Penetntiiic  lUdiation.  for  Canugit't  Cruin  IV.  380.  408- 

407, 41Z  421;  diumml  vMtotiMt  of.  407.  408. 417;  uauml 

Twutlan  of,  421;  •p«cinen  fonni  forraoording,  00, 401 ; 

initnimBnta,  pi.  33 


400,  400.  410.  412.  4U. 


410 

PMer*.  W.  J.,  301,  364,  306,  369 

PotantU-CTBdient,  tor  OcUlm't  CniiM  III,  104;  for  Car- 
<M0m'«  CnuM  n.  360.  STO;  (or  Carmgit'i  CniiM  III, 
372-374;  for  CanugU'i  Cmin  IV,  3B0-383,  403-407, 
4M.  422;  diumal  yuiktion  of.  407.  408.  410-420.  422; 
anniiBl  vKUtioti  of.  378. 374,  420. 4Z1;  t«duetioti  factor 
for,  364,  373,  883,  407;  aouroea  of  tnvr  In,  3S0-3S2; 
qtadmSD  fotmi  for  ivoording,  307,  401;  ooUoBlioii  of 
mlMallaBMMU  valtiM  of,  410;  inttiument*.  pL  23 

PoUdwD.  408. 408. 410,  418 

BadioaMire  Conttnt  of  Atmoqibars.  for  QaUlm't  Crain  III, 
304:  for  a^nngit'i  CniiM  I,  308;  for  Canuffu'i  CtuIm 
n.  Sit;  for  Canupt**!  Cmue  m,  373, 374, 376;  for  Ccr- 
•M«i^*  CMh  IV.  30(^306.  401-40,  411.  414.  4B: 
d<yead«MO»  upon  pranmi^  to  bud,  304, 10,  860. 871. 
373,  37Jt,  413,  414;  tfeot  of.  on  oondootivJtj,  371,  374. 
37fi,  4U.  410;  pr«MiiM  of  tbcrinm  —..n.tln..,  jeO,  S7S; 
qiednMO  forma  foi  rMording,  400,  401;  initrnnnnta, 
IJ.2S 

RadioaotiTa  Conlmt  of  Boa-Wattr,  for  GsUm'*  CraiM  III, 
806;  tor  CanngWi  CniiM  IV.  306 


Rada 


^410 


Shaw,  363 

Simla  (India),  400 

StmpMii.  G.  C,  372.  373. 
417-420 

8o*«n.  D.  C,  314 

Speoifio  Ionia  Valodty.  for  Canueie'f  Cruiw  III,  170;  (or 
Canuoi*'*  CraiM  IV,  389. 408-407. 411. 412. 422;  effect 
ol  Lancovin  iooi  upon.  412 ;  ii>acimeo  forma  for  reeord- 
in(.  306,  401;  colleotion  ot  miioeilaneou*  raluea  of,  400 

Spedmeoa,  obeMvatione  and  oomputalioiM.  807-401 

8p«MMki,408 

Snb>Antarotio  Oomm,  obanvationi  over,  400-407. 410-422; 
MuallneM  ol  fadkwetlve  eoiil«nt  over,  413-414 

Swunaiy  of  CoBahMioiw.  422 

Bwann,  W.  F.  O..  861, 363.  369.  372.  373,  377. 380.  381, 384, 
387.  3SB,  300.  304.  414,  418 

BwinenillDde.  400 

Teii—tilal  Eleoliidty,  defined.  363 

'niall«,400 

Tiieat  410,  418 


Widmw,  J.  A.,  363 

WiealMrt.363 

WlbMi,  C  T.  R..  400. 413 

WlM,  D.  M..  808, 80S 

WOUnbuttel,  4U 

World  WcA,  leqwiiwnenU  o(.  301,  363 

Wright,  C.  S..  383, 386, 410. 412, 4U,  417,  418, 4! 

WuU,  378 

Zdav,4U 


The  Canwgic'i  House  Flag 
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